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CHAP. I. 

m 

m 

OF HYDROSTATICS ; OR THE EFFECTS WHICH ARI$t 
FROM THE GRAVITY OF FLUIDS* 

A Fluid is a body whofc parts readily yield to a 
any imprcflion, and in yielding, are eafily moved 
amongft each other. 

The caufe of fluidity is not perfectly known. * 
Some are of opinion that the particles of fluids ar$ 
fpherical, and, in conference of their touching 
each other in few points, cohere very flightly, and 
eafily (lip or Hide over each other. But that the 
particles of fluids are of the fame nature or figure 

Vox.. II t B at 



& CAUSE OF FLUIDITY^ 



as thof^ of foHds, teems probable, from the very 
frequent cojwerfion of the one into the other. It 
does not feem rational to fuppofe that the particles 
of gold, lead, glafs, &c. when in fufion, are ren- 
dered fpherical by the a&ion of the fire, and when 
that a&ion ceafes, that the particles relume their 
former figure, as the Bodies become folid by cooling. 
Neither can we eafily imagine, that the particles of 
water are changed by cold, when it becomes a (olid 
and brittle lump of ice, and are again reinftated in 
theif ^original form, when the ice, by diflblution, is 
again turned to water. 

The original caufc of fluidity, then, does not ap- 
pear to corifift in the figure of the particles, but 
limply in their want of cohefion. 

If the particles of a body cohere ftrongly toge- 
ther, it is evident that they will not eafily move 
amongft each other, An imperfeft cohefion muft 
therefore be one of the properties of a fluid mafs ; 
ind that the froallncfs of the particles is requifite 
to fluidity, will appear by confidering, that the fur-* 
face of a body compofed of fmall particles muft be 
much move fmooth and even than the furface of a 
body compofed of larger particles: that tvra flat 
bodies may be conceived to confifl. of particles fo 
fmall that. their furfeces fhall differ infenfibly from 
perfedt planes; that thefe bodies, if placed on each 
pthctyjwilK Aide without the leaft fqnfible friftion: 
ind tl^tf tlw particfcfijof thefe bodies thus placed 
en each other be, by .any/ means, deprived'of th« 
whole, :or, the greateft pact of their cohefion, the 
t '. 7.0, . bodies 



PRBfSUAt OP PLVXDk * 

bbdits Will notorily Aide on dach ottet* in the juft. 
mentioned plane* but the parts of the fbafi will alio 
Aide on each other in &Ay other direction whatfbeven 
Confequendy they will readily yield to any itiipref- 
fion, and in yielding, be eafily moved amongft each • 
Other j that is, theywiQ conftitute a fluid mals. 

But the inquiry > wherein confifti that change a 
which bodies undergo when their confiftency is al- 
tered fo a$ to make thetn aflume a fluid formj either 
derife and altnoft Incompreflible, or vaporous and 
elaftk, belongs not to this place, but to chemiftry. 

That fcience* Which treats of the eflfe&s arifing r 
from the weight of fldids, is called hydroftatics. 

The parts of fluids art heavy ; but becaufe the o 
upper parts reft upon, and are fuftained by, the pard 
beneath and becaufe, by the property of fluids, the 
parts are readily moved in all diredtions, upwards afc 
well as downwards, they do not at firft confideration 
appear to be heavy. 

The bottom of an upright prifmical or cylio- h 
drical veflel is prefled by the Whole weight of the 
fttrid contained; and ad the weight of the fluid fe in 
proportion to its height, fo is liktwife the prefiure* 
Thus, in the Cylinder a b (fig. 114) when filled to 
C> the bottom is prefitd by, or fuftalns, a certain 
weight, fuppofe one pound; if it be filled to d» 
the preflure become* two pounds; if to a^ three 
pounds, &c, the heights between b> c, o, and a 
being fuppofed equal. 

- The whole of any fluid mate may be imagined to i 
confift of a number of columns of an Inconfiderable 

B 2 thicknefs, 
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4 PRISWHE OP FLUIDS* 

thicknefi* which (land perpendicularly on the ba& : 
of the containing vcffel, and prtls the lame with 
their refpe&ive weights. The preffure, then* if 
the height remain the fame, is as the number of 
columns, and this number is as the area of the 
k bale. Confequendy in veffcls whofc bafes differ 
as to area, and which contain fluids of the fame 
denfity, but different heights, the preffure will be 
in the compound ratio of the bafes and heights; 
that is, in ^umbers, as the area of the bafe multi- 
plied by the height of the fluid in one vcffel, is to . 
the area of the bafe multiplied by the height of the 
fluid in the other veffel, fo is the preffure fuftained 
. by the bafe of the one to the preffure fuftained by 

the bale of the other vcffel. 
l In like fituations, the preffures of fluids will be aa 

their denfities* 
U The denfities being difcoverable moft readily by 
the different weights of bodies of the lame bulk, 
^ the comparative denfities of bodies are therefore 

called their fpecific gravities. 
K If the columns of which a fluid mafs was fup* 
poled to confift (3, 1). were formed of particles 
lying in perpendicular right lines, the preffure of 
the fluid would - be exerted on the bottom of the 
veflfel only 5 but, as they are fituated in every irre- 
gular poGtion, there muft, of confequence, be 9 
preffure exerted in every dire&ion; which pref- 
fure muft be equal at equal depths. For if any 
part of the whole' mafs were not equally preffed 
on all fides, it would move towards the fide on 

which 



mssuftB or fluids! 5 

*hlch the prcffure was Icaft; and would not become 
quiefcent till fuch equal prcffure was obtained. The 
quiefcence of die parts of fluids is therefore a proof 
that they are equally prefled on all fides. 

On this account it is, that fluids, as far as they o 
are not prevented by external accidents, always con- 
form their upper furface to the plane of the hori- 
zon. For if any column or part of the fluid be • , 
elevate^ above the reft, it will defcend pardy by 
finking into the fluid, and partly by its lateral pref- 
fure, that will caufc it to fpread lideways over the 
furface, rill it becomes uniformly of the fame height, 
or horizontal. 

The equal preflure of fluids in every dire&ioq, r 
being underftood, may be. applied to - account for 
many phenomena that happen to them in different 
circumftanccs ; fomc of which are the following : 

The horizontal bottom of a veffel is prfcffed by, q_ 
and fuftains no more nor lefs than the weight of a 
column of the fluid it contains, whofe bafc is the 
bottom itfelf, and whole height is that of the fluid. 

In the veffel icdf (fig. 115) the bottom con 
fuftains no more than the column a 1 o c. For the 
other parts of the contained fluid can only prefs 
the column abdg laterally, and therefore contri- 
bute not at all to the increale of the weight or pref- 
fore on the bottom cos but reft entirely on the fides 
$c and fd. 

Alfo in the veffel ecdf (fig. 116), the bottom s 
zf fuftains a preflure equal, to the weight of a 
column whofe bale is e f, and height equal to c a. 

B 3 For 



For t\4 .prdTurc stf: a Bf i$ ^cq^aL to. the w«ighjt?^f 
t^ecolya^^?DC» apd its J^crai preffure, wtych.i? 
equal tct^bp feme weight, njpk p#fc the pares be T 
twecn e a and «rF;tP^wfe:!bfr { hottpp wl^ ap fqiftj 

c force in proportion to th&fq?faces they cov<?i\ .Qpn- 
fequently, the. ffleA will be the feline a$ if t^§ whpfe 
fluid were of the feeight jc** • ; : j ; 

T . From thefe two cafes; comjbioed, the reafQfl $ 
evident, ; \fchy fluids contained i n the feveral pajc$ 
of i/jeflbls. {fig, f 17)* cetaain. $vqry w&erfe at thfc 
fame height. For the lowefli part whfere they qorafc 
inupicate,: itiay.be regarded as the common bafc; 
and the fluids, which reft thereon, are ifl equilibria 
. s then ovtyj^&h**. their heights gre, equal, .however 
their qvfentitis* may vs*ry, ! 

u : - The hydrcdfertical paranoic, as by fome if fo calk4 
depends ok the equal, prefiure of the parts of fluids 
_n every where ati the fame depth. It is this : 

v» Any quantity of fluids however finall* naay be 
made t& cdunierpoife and fuftaia an/ weight, how 
largcfoever, * ■ .-; : w . 

w Let a aac (fig ? * 1 1?) repreferit a cylindrical 
veflel, . to the infide of whiph is fitted tbs : coyer Oj 
whic\ by means of leather at the edge* will ea% 
Aide wp and down in the internal cavity, without 
pertpktiog -any water to. pais between it ^i]d t]i£ 
ibrface of the cylinder ;Ip*the cover is, inferted 
the fmall tube c f, open at top, and . commut- 
riicajing with the infidq of the cylinder beneath the 
cover at c. The cylinder is. filled with water> and 
(he coyer pup on. Then^ if the cover be loaded 

yiith 
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with the weight, fuppofc of a pound, it will be 
deprefled, the water will rife in the tube to b, and 
the weight will be, fuftajnecj. . If another pound be 
added, the water will fife through an equal fpace to 
F r ancUhe weigjit will be fuftaincdr and lb forth** 
acceding; to the weight added* and the length. of 
t the tube. Now, the weight of the water in the tube 
is but a few grains ; yet its lateral preflure ferves to 
fuftain as much as the weight of a cotoitirt df wafer, 
whofe bafe is equal t6 that of the iy\Mtv, ut*\ 
height equal to that in the ttibfc. ThUV tHd Sduftw 
e cr produces a {rteflbre in the ttatei 1 fonfeiried 4» 
the cylinder, equal to what wbtfli have b&rt prcM 
dwle&by die colUtarf aadD,- afid, a* this pfrefiurtf 
i« exerted erery way equally, the cove^wtll btf 
preffed upwards toitK a fdrfce equal tb the wieight tit 
f kkdbi ifcmfequenfl/, if AidD worfif weigh * 

paiindv EC Will fhftakr r a'potiTiariftrf the like fe 
tmrhf dffcer hetgh« aridi tre^llfe; : Arid by> dim?* 
nffl*^ the dfoditffer ttf 'ihi wfce, toy ejtemtitybT 
wateis hotf frrialf foeWVtfil*, ifl Ihtdff, ftft^ilirff 
weight, hctoevc* Wf ge, . - • • " i J 

The feme n^bett»wnin^«?^rriplyeh*»: ' ' * 
. Let a o h d (fig. 1 19) r&pMifeiit * hellbw cyli* 
der, and Aln a .cylinder ofwood* Vrhksh nearly fife 
fcs cavity. I a tfte *ylindei>, foppofc- a fiflfe w*t«4 
whofe fiwfaee i$ gfe>; then, if the tfcfofleiV c^findft 
be put into the hditow ewe, the watt* will rife be- 
tween the fbrfaoeS w a and d, and' riie : *fcb(f wHI fete 
iuftained floating. The ifc&rer the Wooden cylinder 
approaches to the fize of &e eavfrf, the Tefs- wat* 
is ncceflary for the experiment. * 

B 4* CHAP, 
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CH A P. H. 

m 

CONCERNING BODLES IMMERSED IN FLUIDS* AN0 
THE METHODS OF FINDING SPECIFIC GRAVI- 
TIES, 

V . If a folid body be plunged in a fluid, it will be 
prefied on all fides, but not equally. Let dbec 
(fig. 1 20) reprefent a folid prifmaric body, iow 
merfed, with its axis vertical, in the fluid con^ 
tained in (he veffel f g j h, then the fides d c and b b 
will be equally preffed j the upper furface o R 
will be preffed with the weight of a column, whole 
bafe is d b, and height a d, and (he under furface 
will be preffed upwards ^ith a force equal tQ the. 
weight of a column whofe height is ac (4, y). The 
body will therefore be impelled upwards by a force * 
' equal to the excefs of a c above ad ; that is, equiva- 
lent to the weight of a column of the- fluid whofe 
length is d c, the bafe being all along fuppofed to 

z be unvaried* Whence it appears, that every prifm, 
whofe axis is perpendicular to the horizon, will, 
if it be totally immerfed in any fluid, be im- 
pelled upwards by a force, which is equal to the 
weight of a quantity of the fluid of the fame bulk 
with the prifm. And fince any folid whatsoever 
may be conceived to be formed of an indefinite 
number of fuch prifms, it is evident that the 
yule is true of all bodies, without refpett to figure* ' 

But 
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BODIES IUMBRSZD IK FLUIDS. £ 

But as all bodies, by the force of gravity, tend i 
downwards, it depends upon the abfolute weight 
of the itnmerfed body, whether it fhatt ?fcend. o* 
defceud. If the weight of the body ..exceed that 
pf an equal bulk of the f^uid/ theexcefc of force 
tends downwards, and it will defcend, but, on the 
contrary, if the weight of the body be lefs than 
that of an equal built of the fluid, , the above- 
mentioned preffure vvUl prevail, qnd it will afcend i 
if both be precifely equal, the body will remain at 
reft any where in the fluid . 

Thcfe things being confidered, i? appears that c 
any body, how h^vy foever, may. be made to 
fwim, or any body, how light foever; to fink, if 
m^ans be ufed to keep off the preffure of the fluid 
from the one or other fide, as circumftances require; 
for if a d b k be fuppofed to reprefent an open D 
tube, inftead of a column of the fluid, and the 
body o b c e be applied clofely to its lower orifice 
fo that the fluid may not enter the tube, the prefc. 
Aire oudb will be taken off, and confequently 
the body will be prefled upwards 'with a force 
equal to the whole column ac. If that column 
be of fufficient length, that is, if the body be im-> 
<merfed fufficiently deep, the preffure will exceed the ~ 
gravity of the body, and therefore fuftain it. In th£ 
fame manner, if m be a body applied to the opei 2 
end of a tube, which is clofed at n, the inferior 
preffure being taken off, the body will not rife, how* 
ever light, but remain immerfed, by means of the 
preffure on the fuperior furface* 

When 
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to < ; r ' • #LOA¥ INO id w*s. 

f When a body floats at ;tW fitfface of a fluid, 
the q«an«ty 6$ thig flfcidi xHfpfeeed by the parr 
immerfecJ, % <<!qdU~in weighed tfte floatif^ tody. 
For knee* tiit bfedy : pttlfts A^nwards tffcfc its' 
Wtole weight It' ■«uA ; fiftkiffi-fte i pitflJir^ wfcdf 
tWc Siiid' exert* r Op#ard^i fe 'tqfual to that weight? 
I» this : fi^atiofiy< fiippbfe -t^ -Bind to be con-* 
geated, arid the 1 fofid then J removed: V Cavity 
wHl be left \n the fluid, «*refpondmg in form • 
and magnitude with the fmmerfed part of the 
folid. Imagine this cavity be -filled with a quart* 

- thy of the fame fluid, ft that its furface ma^ be 
tevei with 'the reft, and Jhfc whole fluid*- then 
thawed, ' The fluid which occupies the place of 
the folid will then -be preffed upwards with a force 
equal to that fuftained before by the fotkt, namely, 

r: equal to Jthe weight of the folid. But it is rtGt 
snbvcd by that force, for the- for face muft ocmtU 
poe level (5, o), as before the, thaw. The laft men- 
tfcu&cd quantity of fhrid.inuft therefore prefs daftth- 
waids with an equal force* That is to iky, .the 
weight:>of.a quantity of fluid equal in bulk to the 
immeried part of a folid which floats on its furfafce, 
i* equal to the whole weight of the folid, 

c % the ifamr argument, it follows, that if a 

« 

floating body be loaded with weights, fo as to caufc 
jl to fink deeper in the fluid, the additional pact* 
iromerfed will in bulk be equal to, or difpkee, parts 
of the fluid, whofe weights are equal to thole the 
floating body was loaded with* 

* • 

Since 
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. Sipc(g : bodies of equal bulks will Ji)ft : the fame g 
q^^ptlty of a^fpl^te weight when iram^rfed in fluids 
pf equ^J deqfuy, \t foflow$ obyiouflft, that the bulk* 
of bpdie* *r/e ia proportion to tfc loft of weight 
they fuft^ipjjy imrnerflon in a given fluid, . Whence 
we have an exad .method of determining the bulk* 
of bodies whofe weights are known, and froipthenc? 
flatting their ipeqific gravities. For, 

i\ s the bulk of one body, or the weight it lofcf 
. v by.immerfion, f ■ . . _;:.V . 

Ja to i;s tnafc of matter, Qr abfolnte weight, 7 
£ ^o is the bulk ^>f any other body, or the weight 

To the mafs o( matter, or abfolute .weight, it 
j, 4 : wojujd.bave fr?d if of the fatne; fgec jfic gravity 
v r with the firft Jwjy, Which weight Jaft found 
.being coctip^:^ ,,with &$ je^ weight of the 
.j. .. .|atter body, &|ws the; grQ^Oftiou of their fpe? 
• cific gravities / ' .... . 

Ppf exanpplp: if 34 oz. pf J^acj be weighed ip 1 
water, and the diminution be 3,p^,i: and ix 035. jaf 
tin be alfo^ weighed in water> an*T ,the diminu^iop 
appear .2 oz. ;.it is required to determine the' pro- 
portion of their fpecific gravities. Jtyjf. which pur* . 

As, the diminution in the kad^i is tp its weight k 

34, fo is the dinninution in die tin 2, to the 

weight of a mafs of lead of the fame bulk 224 oz. 

which is to 15 as the fpecific gravity of lead is to 

that of tin, tl#y; J$ to fay* in lower terms, nearly 

& i?Tto74, 

But 



12 SPECIFIC GRAVITIES. 

L But it is more ufual and convenient to make 
rain-water the ftandard, and refer the other fob* 
fiances to it : thus, in the inftances juft mentioned, 
the weight of a mafs of water equal in bulk to the 
lead is 3 oz, : lead is therefore- to water as 34 to ji 
er as 1 14 to 1 ; and in like manner, tin is to water 
*s 15 to 2, Qr as 7y to 1. 

U When the folid is lighter than die fluid in which 
It is weighed, N an additional body of greater den- 
fity may be joined to it: for inftance, fuppofe a 
piece of cedar- wood, weighing 92 dwts. were re- 
quired to be weighed; join to it, by means of a 
fmall hair or thread, a piece of lead, whofe weight 
In water is known, and weigh them immerfed to- 
gether. The lead will then appear to weigh lefe 
by 58 dwts. than it did without the addition of 
. the cedar j from whence it is evident that the cc* 
dar is impelled upwards* by a "force that exceeds 
its own weight by that quantity, or in other words, 

1 . r that a quantity of water equal in bulk tp the 
ctdai 4 , will weiajhpz '+ 58, or 150 dwts. 5 confe- 
quently the fpecific gravities of water and cedar 
are in proportion as 150 to g 2, or in lower termsi, 
as*i to T V nearly,* 

11 In this experiment it is neceflary firft to fmear 
Ac wood Hghtly with fome fat fubftance, other- 
•wife the water will be imbibed by the wood, and 
w2l render it Specifically heavier than before. In 
fe&, wood is not fpecifically lighter than water, 
but by means of the air-veffels which run' through 
its fubftance* 

" . The 
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The beft method to difcover the fpcdfic grivi- o 
ties of fluids isi to weigh the fame fubftaoce in dif- 
ferent fluids 1 and bccaufe the diminution k fuffcfs 
in weight is equal to the weight of a quantity 
of the fluid of the fame bulk, we thence obtain 
the weights of equal quantities of different fluids, 
and the fpccific gravities are as thole weights; 
thus, if a piece of glafs weighed in t{te concentrated 
acid called: oil of vitriol, lofe 85 grs. and when 
weighed in water only 40 grs. their fpccific gra- 
vities will be as thofe numbers/ or in lower terms, 
as aii to ia 

The hydrometer, or inftrument ufually applied p 
to find the fpccific gravities of liquids, is con- 
ftru&ed as follows; ab (fig. 121) is a tube 
of glafs, joined to a hollow ball c, at the bot- 
tom of which is a fmaller ball D r In the cavity 
d is placed a quantity of quickfilver, by which 
the inftrument is fo poifed, that it fwims ih 
proof fpirits of wine immerfed to the point m. 
A quantity of proof fpirits equal in weight to 
the whole inftrument, will therefore be equal in 
.bulk to the immerfed part (10, f). If it be im- 
merfed in another liquid, whofe fpccific gravity 
is greater, it will fwim with the tube higher out . 
of the water, fuppofe to the point b. , Then the 
weights of the quantities difplaced remaining the 
fame, their bulks will be as the immerfed parts of 
the hydrometer, and the fpccific gravities of the 
fluids will be inverfcly as thofe bulks. The 
proportion which any length of the tube bears to 

the 



14 HYDltOAlETEltv 
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the wltole buf£ ©f the inftrument being 1cjioWn y if 
. will not be difficult to graduate the tube fo as to 
indicate the fpeciftc gravities by infpe&ion* But 
this, however, is fcarcely ever done* 
q_ This inftrument is very confined in its ufe. For 
if the liquors differ confiderably in fpecific gravity* 
they exceed the limits of the graduation : thus, 
the hydrometer, adapted for fpirits, will fwim 
in water with part of the ball above the furfaee ; 
and if it be adapted to water, it will not fwim 
in fpirits at all. It is true, this may be reme- 
died, either by lengthening or widening the tube : 
but the firft is inconvenient, and the latter would 
make the graduations fo lhort, as to render them 
of little ufe. 

H To make this inftrument of more fervice, there 
has been added a little plate or difti d d (fig. 122) 
at the top of the tube, upon which may be placed 
weights, as convenience requires- For example, 
if the whole inftrument float immerged in fpirits 
to the point m, it will require an additional weight 
to fink it to the fame depth in water. Suppofe the 
inftrument to weigh 10 dwts. and to be adjuftfcd- to 
rectified fpirits of wine, it will then require the 
addition i^% dwt. to fink it to the fame point in. 
water; Confequently it appears^ that the fpecific 
gravity of water is to that of fpirits of wine as i i T V 
to 10, or in lower terms, as 1 to T ^-. 

s . This is the beft hydrometer, both in refpedl to 

cxa&nefs and facility in pra&ice. The inftrument 

ufed by die officers of Excife, is very well adapted' 

/ for 
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forks purpofr, which is more confined: it differs ; 
from that here defcrihed* by having its additional 
heights ferewed on at a ftem at £• ( Theft inftru- 
oients are ufuaUy of popper. 

An attempt htfs been made * to adapt the hydro- v 
meter to the general purpofe of finding the fpedfic 
gravity, both of folids and fluids (fig. 123). a is a 
hoHow ball of copper t * is a difli affixed to the 
hall by a fhort (lender ftem d ; c is another dtfti 
affixed to the oppofite fide of the ball by a kind 
of ftirrup. In the inftrument actually made, the 
ftem d is of hardened ftcel, ^ of an inch in dia- 
meter, and the difh c is fo heavy as in all cafes to 
keep the ftem vertical, when the inftrument is made 
to float in any liquid. The parts are fo adjufted 
that the addition of 1000 grains, in the upper 
difh b, will juft fink it in (Milled water, at the 
temperature of 6o° of Fahrenheit's thermome- 
ter, fo that the furface (hall iftterfed the middle 
of the ftem d. Let it now be required to find the 
fpecific gravity of any fluid. Immcrfe the inftru- 
ment therein, and by placing Weights in the difh 
cttrfe it to float, fe that the middle of its ftem 
D fliali be cut by the furface of the fluid. Theb, 
as the known weight of the inftryrttcnt added 
to 1000 grains; is to the fame known weight 
added to the weights ufed in producing the laft 
equilibrium: fo* is the weight of- a qtiantity of di- 
ftilied water displaced by the floating inftrument; 
to the weight of an equal bulk of the fluid under 

* By the author of this woik. 

confideration. 
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confideration. And thcfc weights give the fatitf of 
the fpccific gravities (4, m)» Again, let it be 
required* to find the fpccific gravity of a folid 
body lefs than 1000 grains. Place the inftrument 
in diftilled water, and put the body in the difh b» 
Make the adjufttnent of (inking the inftrumcnt 
to the middle of the ftem, by adding weights in 
the fame difh. Take thofe weights from 1000 
grains, and the remainder will be die weight of 
die body. Place now the body in the lower di(h 
c> and add more weight in the upper difh b,. till 
the adjuftment is again obtained. The weight laft 
added will be the iofs the folid fuftains (3. z» a) 

by immerfion, and is the weight of an equal bulk 

» 

of water. Confequently the fpccific gravity of the 
folid compared with water, is as its. weight to the 
lofs it fuftains by immerfion* 

ir This inft rumen t was found to be fufficiendy ac- 
curate to give weights true to lefs than one twen- 
tieth of a grain. 

r Experiments concerning fpccific gravities are 
more difficult to be made with accuracy than au- 
thors in general feem to imagine. For we often 
fee tables of fpecific gravities carried to four, five, 
and even fix places of figures 1 whereas a difference 
of a few degrees in the temperature of the water will 
change the fourth figure. In different fpecimens 
of the fame wood, the fpecific gravities will vary 
in the third figure, as will alfo metals caft out 
of the fame melting, but cooled, more quickly or 
(lowly * and thefc alfo ar$ alterable by hammer- 
ing 



specific gravities, ty 

ing*V Natural and Artificial compounds have like- 
Wife great varieties of denfity in thft fever al fped- 
mens denoted by the fame name. 

A Table of Specific Gravities, extra&ed from 

various Authors. > . 
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• Experiments freqoently repeated by the Author hat* 

(hewn the fpecific gravity Of' two nearly equal AnOOth cylinders 

of lead, caft oat of the fame fufion were to each other as 1 138 

to ttaj. 
f A chemical apalyia of wolfram. London, if 8$. 
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©* THE ilOtlOM. OF FLUIDS WHICH ARISES *ROM 

&UD3 £; :■ .\. . - r r^cd r: : ■ ■ Jon ; r. * - • 

*HE . PRESSURE. OF THEJR , SUPERINCUMBENT 

1&I 1 * pr^lftrrc r offlt«ds being (hewn: tiv be in pro- x 
fotitotoi ta^lffteir ckprtis^jvi »> it *Stt* noi be-Affi- - 
tttiEtd fidd tttKnotlerftfffs with^hich thfey ftpout 
forth fk>rti fqiall apertures in the ; iide4 or bottoms 

For this purpofe let us fuppofe p <^s R*t(tig« too) 
trf be :^ £iiifihi^:-c^ * 

thrbi{gh;aJiQlein tkc bottom 6f tha.'TOftlfftH-Mit 
I£<]hd;bmght.<P <t/{fe d&intd -indffiMiq^^dalU^ 
pwffuwiby *<hi<?h tbe jy»Jk>oHy x i4^prQ(iaced psft 1k 
cflfea^r*oiijfeftt r -,i^^ «p«vi 

fltltqfe Wright (5, O & *C wferqs of -that * 
pftflkie, r.jkpt *u>t .acquire *ny d^nKpdncr^afe 
during tbf J*fcg*tff Sto cQlmnrt $00«|}ct|s height 
SMto* Thq Wflght^pf thcjG^MIW* 9P BrYhWftcd? ;hp 
-W«ghM*f*h* pqhuim; fqjs r< in the;6f»^.propor»- 
jfrn.** t&e Mgifc&o exceed* the fcjgit feo* and 
«0&<pK9rtfy the »6tipi>.pr. prsflitfet egeffiod on thp 
«jrfufW>tPifiLS * ofc:e<fd$;its jq*& gftyity in the fame 
{WpAftton. , T before,, whatever .njiay -be the final 
,wV?ciijjf* op velocity of eraifiion, f^duesd in the 
pp^pi^ri} <j^ r , in paffing through v p q^ k .will be 
required,. in^rder to prpduce an equal final velo- 
city by the mere adion of gravity, that the fame 
fc r> C 2 column 
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column ^ould defcencj through a fpace propor- 
tionably greater as this laft is kfs than the former 
force (i. 36, h), namely through a fpace equal to 
po. That is (0 fay, the velocity of any fluid iflu- 
ing from a hole in the bottom of a vcflcl is equal 
to that which would be acquired by a body falling 
freely by its gravity through a fpace equal to the 
perpendicular height of die fluid above the hole. 

And becaufe fluids prefs equally every way at 
equal .depths (4, n), this theorem holds good 
likewife with ttfpe& to fluids that fpout through 
apertures at the (ides of veflels, or with any obliquity 



a Hence the motions of fpooting fluids may be 
-reduced to rule. For every par? of die projected 
ftream being confidered as a body in motion, thrown 
with a given velocity and direction, the fame 
principles will be equally applicable to fponting 

b fluids and to projectiles of any other kind. Thus 
if the fluid fpout diredly downwards, its velocity 
in any point of ks courfe will be equal to the ve- 
locity of emiffion added to that which it would 
have acquired by gravity in its fall from the aper* 
turej or, (20, y) which is the fame thing, to 
velocity will be the fame as if it had fallen from 
the furface of the fluid. If it fpout dire<£tlf uj>- 
wards, it will (1. 31 , p. ii. ao, y) proceed With aft 
uniformly retarded motion, which will carry fc to 
the level of die furface of the fluid in the veflel* 
If it fpouts in any other direftion, its courfe will 
be nearly a parabola (1. 97, v). 

1 G% 



1 



IS. 



Jty/trivtit/t/- Titsttwmtrti 
ffy./tj. 







, ^WXftMIMt. ' at 

-0n theft conjkkiaaons/dcpfenda the performance c 
«*f fountains ; for the conftru&ion of which there 
is provided a refervoir, ekvarcd confiderabty above 
the plane in which the fountain is to be made. 
A pipe, communicating with the refcryoir, is con- 
veyed to the middle of a bafon, and by means of 
a perpendicular fpout, called the adjutage, throws 
the water up in the air to a height which is in 
the level of the furface of the water in the refer- 
voir. 

. But in applying theft obfervations to pra&ice, o 
there are many circumftances that tend to diminilh 
the quantities : of motion- There are few fluids 
that, have nor a coafxkmble degree of cohefion or 
tenacity* which prevents their parts from moving 
as freely as otherwift they would have done j and 
the fri&ion againft the fides of tubes very much 
retards the motion of the included fitfds* if the 
tubes be long, fmall or crooked,, afed the velocity 
great- The air which, extricating itfclf from the 
water, occupies the upper parts of bent pipes, ia 
often a great obfecle fo. the courfc of the waters 
and not unfrequently ftops its progress entirely-- 
In fountains, efpecially wl^re the. fluid fe thrown 
perpendicularly upwards, the part that is falling 
refts upon the afcen#ng column, and prevents 
its arriving at the height its morion would have 
Carried it to* befides which, the refiftance of r 
the air, 4nd other ; caufes, join in increafing the 
&me cfe^oqW* tfmft riot; therefore expe#, in 
tbcfc more than in other engines thrt.the per- 

C 3 formancc 
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jtmnance wiilt*qual the khwiy ; ' yWt> if fe ttotf • ffif* 
ficuft to make the proper attbvfeiices^ :ifo( »'*»* tb> 
find their reaJeffe&i ttycWcufettoft; but tkhr<pt!r*~ 
pofe, being- general, dots *fot fextttod to -Afei VI& 
ripiy of particulars which'ttflfer theroftfves.' i-v : | * - 
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OF THE RESISTANCE WHICH FLUIDS MAKE JO 
BODIES MOVING JN THEMJ 

E Wufe*: #ttbdy is faimeiftd 'ifffeVftaft'W tjuamkjr 
of fluid iimtto,-> attd i$Mi*^4&^ft, itofti&ft fejfeL 
rate the paftri «f%^iddl2<tom^adb : bl(hfir^^ 
moves. If rif# ^pkfts «f?dM ftrtd be #ttho«fc«t 
teflon qnierwdty, :&is fejtert^^ 
*fth n<*' tiftcbfyi but if th* tenacity bfc coaIW 
*r3rtrte, k 1 ')\ii*< require a cottOd^rabk fo^e-W 

ottertomifc 1L ^A p*ct of^the motion mull thm* 
far* *jet Ibft-in pttditfingstfrs^effeft, ^ And, iri 
the^nue r'<fljMd/'*tte mcite parttfkfe divided in a 
givtn time^ jto; grfrat<^%M^;**f the ffiottotf 
amft be tofcittfe efl^kl^ferfta pilrpof^ • But^ 
body, mbvftg through <a»ufiifofm fteid; diVSe* 
*gre«^^1%fs«Jrt^^0ftts parts, ih proportion 
as the^eteritynafr i^i iftotien is grater ; - ttf^efij 
F Gonfeq^ently, the refifitfl*e <Wh'fch an Dhiferiti'fiUid 
mak^% rcafoft of ft» 9< tafci(]fe'ld frhodf Un- 
jwtrtf*«Jld Waving in^it, tb in J>rtfpor^ to' ^ 
▼tjtoti^oftht movixJ^bbdy^ *- -— '*' ^' M *■■ } 
•£ •' • v, 0' But 



* ^ 



\ f Byr there b toothed refiftance of greater con& 
qtfcrtety Which fluids make td bodied immerfed and 
ftidving in them, arid arifes from the iitertia of their 
fiart& Forlf a-bbtfy be moved in a floid, it touft 
gpte ' tnotfcm ' to i : certain quantity of that fluid; 
and the rea&ion of that quantity will deftroy part 
Gf'dti tftoritfn of the body. Now a'body moving * 
tfiroiigh an uniform fluid, gives motion- to a greater 
or ieis number of its parts, th proportion to tht 
velocity of its motion; and is therefore refitted iti 
the fimple proportion of the velocity 1 oft that ac- 
count. Again, 9 body moving through art uni- 
form fluid, communicates a greater or kfc 1 quitfi 
tity of motion to each of Its parts, in proportion to 
the vtltfity of it* fflbttoh, and is thercfoi* refitted 
in the fimple proportion of the velocity on that -ac* 
count • On both 1 accounts, then, the nififtance a 
which arifes from thciiertia of the fltrid, is in die 
duplicate proportion of the velocity of the moving 
bady.v >V • n • .'."{•' '* v f 

v \WKfen die feme body i& fpoken of, the tefifonct 1 
and Tefcacdarion follow the fame ratio; but, in dif* 
fcrc^c bodiis^ r tfecy diflfer in the fame manner as 
motioh ^ndVdbdfcy. loRfafiftance fignifies; the quart* 
tity of motto*; aAd "retardation the quahtky of ve* 
Jooityy **Sch isdeftfoyed; for exsmpttynf a body 
l#*p*ijt&ed wife : Hi^i«n*vd6rity ill* a fluid, and 
W&i%alf ib^ttidtiof^^ttynt^! ^iftarrce in a given 
tlff^ri4i^W*ti(kv^i»-1}c Mlf itsvtddfeity: but 
t^atiotfifcrbo^y of the { famc boMc, -but twice the 
vfeigbt Lor inaft uf mattpf, Ibe . fai^efttd with- a - 



S 



ft4 XlSHTANCt Of fLVIB* 

ft 

like velocity in die fame fluid, it will biS cqiillly 
refitted j but, haying twice die quantity of motion, 
will only lofe ope-fpurth of its velocity in the &&»G 
time. Thus, though the refinances be equal, dm 
retardation in the latter inftaoce is only half the 
quantity of that in the former. 

ic . In fluids that are npt glutinous, the refiftapce 
grifing from their tenacity is inconfiderablc, efpe- 
cially in fwift motion* in which cafe, the refiftance! 
from the inertia increafing as the fqgares of the ve- 
locities, while that from the tenacity increafrs only 
as die velocities thcmfelves, the proportion of the 
latter to the former becomes fo fmall that it may 
be neglected. It is ufuai therefore, to negled 
that refiftance which arifes from the tenacity of 
fluids. 

& In like ctrcumftances, the refiftance* of fluids 
are as their denfiries. For die quantity of matter 
to be moved is in that proportion. 

m If a cylinder be moved through an uniform fluid 

; in the dirc&on of its axis, k will fuflfer a refiftance 
equal to that of a fphere, whofe diafneter and velo* 
, city of motion in the fame fluid are equal to thole of 
the cylinder. For proof nof .which, fappofc the 
cylinder to be qwefcent in die-middle of a prifmical 
canal or t^ibe, its axis coinciding with that pf the 
tube. Let this tube be < filled with the fluid, and 
conceive the. fluid to be. movent through ic witb* 
given velocity. Then the. fluid will pais between 
the (ides of the tube and, the cylinder, and its man 
lion will be impeded by its being reduced toj>afr 

through 



through t narrower fpace. If the fphc*e be IbMH- 
twed in die place of the cylinder, the (pace through 
which the fluid is reduced to pais will be precifely 
the lame, and confequently its motion will be. 
equally impeded And, becaufe a&ion and re*, 
action are equal, the* cylinder and Jphere in theft 
circumftances will be equally aftcd ypon by the. 
fluids Now, let the fluid be fuppofed quiefcent* 
and the cylinder or fphere moved with the fame 
velocity, and in the contrary diredbn to that in 
which the fluid was before moved * and the relative 
morions of the fluid and immeriecf body will be the 
&me as before. Confequently, the cylinder and 
ipheft, if moved with equal velocities through a 
prifmical veflel containing a fluid, will be equally 
afted upon in die contrary direction to their mo- 
tions 1 that is, they will be equally refitted. And, 
fince this equality of refiftaqce does not at all de* 
pend on the magnitude of the prifmical veflel, the 
do&rine may be applied to bodies moving in an in* 
definitely extended fluid, or fluid contained in an 
indefinitely large prifmical veflel. It may, there* 
fore, be applied to all bodies in morion which are 
deeply immerfed in any fluid. 

Hence it appears, that in order to maintain the 
uniform motion of a body in a fluid, a conftant 
acceflion of force is required to overcome the refin- 
ance 1 but as, in general, there is no fuch acceflion 
in the motions which are performed about us, they 
ell decay by degrees, and at length terminate. 

ft 
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o -i 1^ lik^i^^^fey ithrt**Htn * * taafy ttfbyer fit 
jfef <ftuid, an'a is * a&ed upbn fcy fefly cofKterft fbfrefc, 
it eta ofctaiubtrt a certain degree of velocity; For, 

. is the • tefiftance mereaft&^dth : thfe velocity, buc in 
a fcigh*r proportion* r nalricl^ s& thc-fi|uaresi (23»;*0 
k is plain that ithe refiftance at&^Gcrtaitf jfferiod of 
the acceleration will- become equal tt> the cdnftfcririy 
a&ing force > after which the body < tttft' profctfcd 
uniformly, and the conftanfly ^i7% f'fotOe Wftl ' f>^ 
emptied in overcoming the ttififfaintei;. <?& tbrt 
account k ; b, that bodies that -fink id ! Trittct*. or 
©the*- fluids, by the farce of .gravity, faon^acquim 

. their trtoaoft vdarity, and .afterwards pjrdcecd'tmi-i 
fonroly. \ And, in like inanner, a Slip, iwftea it firft 
gbta under way* proceeds with m*cetkra ted v^lo^ 
city, tiU. the refiftancc of the water becomes in 
CtfuBibrio with the a&ion ^df the wind* on its fails* 
fetfe afterward* proceeds uniformly," the force of Jtb* 
wind. twstng entirely employed in overcoming tha| 
vcfiftsnoe. : :l :.» *«i\ <J ..: b»»I* • 1 . . v. . «. 

r v In* mathematical ArtAnefi it is not /cue, that a 
body invrirefefcirc^ihifarkxai^rcar arrives at urtifor-. 
amy of mofcoa;/ far the ip^ffoach-of the rcfift^ 
ance to an equality frith the .impelling foxte h 

v fepreleofiedrrjby aitjbnvergingife^5 tbe number of 
^hofc terms ; is - finfinice, and tb& fom ia^ny fibite 
dine is tefs .thafrihe impelling &tfe : .bufct&tfjUtta? 
terms foofl becemA too fmatll t® be ^f any phyficai 

cl Whitis bae.f^id of refiftfinee is to be wdeik 
Ifeod of bodies deeply immerfed in fluids, the 

parts 
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parts of which are comprcfied together, and non- 
claftic or incapable of condenfation. Fri&ion is 
likewife negle&ed. Bodies moving at or near 
the furfaces of ftoids, lrfbre efpcriilly HF they be ob- 
tufe, caufe the fluid to rife into a heap before the 
body, at the feme rime that k fibfides at the hinder 
part. And fo likewife, obtufe bodies, moving in 
elaflic fluids, condenfc . that part of the fluid to- 
wards which they are rfioving, while the part from 
which' thejr recede is rarefied. In thefe cafes the 
refiftancts are gr&t^&an xvouto be dfctfucicf by the 
principles here treated of*.' 
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Of the Ait or Atmofphere. 
CHAP. I. 

Of THI GENERAL PROPERTIES OF THE AIR, TH* 
DIMENSIONS OF THE ATMOSPHERE, AND THE 
MEASUREMENT OF THE HEIGHTS OF MOUNTAINS 
IV MEANS* OF THE BAROMETER, 



% Continual experience (hews, that we are im« 
merfed in a fluid which agitates bodies when, it 
is in motions refills the motions made in it; fu£ 
tains bodies floating in it; and. In (hort, differs 
very little in its general properties front die grot* 
for fluids ; great rarity, clafticity, and traniparency* 
being its diftinguifhing chara&crs. 

s The whole tnafs of this fluid, with its contorts, 
is called the atmofphere \ a term made ufc of when 
the effefts that arife from its form, magnitude^ 
denfity, &c. are confidercd; but when the fluid 
of which the mafs is compofed is indefinitely fpoken 

of, 
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of, vrhh a view todevcfope in qtaltfes, and con* 
fider it independent of the bodies fcumried i% at 
mixed with k, it is called the air, or air. 

Air is a fluid, whole parades aremdt in 6»» t 
tad:, and repel each other with &Jbrce jtfcat ma)r 
be diminiQied, but cannot be deftroycd ; kj mtf 
degree of cold known in the vicinity of the earth. 
For, -ifthe particles were in contaft the fluid could 
not be compreffed, and if they did not repel each 
other, the fluid could not expand when the com- 
preffing force is removed. This property of the 
air may be (hewn by various methods: one of die 
fimpleft is, to pour a quantity of quickfilver in 
the tube ab c (fig. 124), clofcd at a, and opep at 
Cw Suppofc the cube to be filled with quickfilvw 
to a, then the^ir inclofcd in- the leg ab wi{1 pre, 
vent its riflng higher than d. Mark t in dp fame 
horizontal line with o, and (6, t) the column p a 
will be in equiHbrio with f b ; confequfcndy the 
quickfilver contained between r and D will not at 
ail prefi on die air between a and p. But tbf 
column ifiaAing with its whole weight on d* 
quickfilver feetwben r and d cauffcs it to prefs on 
the air at d, and condenfe it* By increafiag the 
quantity of quickfilver the coodenfation is in* 
creafed, and it is found* that the fpaots, jutw which v 
the air is eondenfed.by different weights are in* 
verfely as thofe weights j or its denfity is as the 
preffure it bears, .'••••*. 

One of the firft objea» of inquiry that offef w 
tbemfelves rcfpe&ing the atmofphere is its extent 

or 



4* sftMKFie MMimMtft air. 

*c;magmti^r{ijipff^ 

tttqKtaft tomtfllbe* i^boIeibrStccr 4 <fctfcc earth: atf 

lea i and it-k^vHknt*' ftaftt the > fpfpenfioh and 

r mkutu ofcahe^jclaids, > thati its- ^Ititwdt is ctfnfi- 
4§mblt^ brock* mcdbrc of this afekyde rauft be 
«biai4ed from i» effe«5b* Thni, if the fpbcifit 
grefctty df the air be found; and? alfb its iwfepfe 
fjtcffure On bodies, it will be eafy t* dffepfeer-tHt 
quantity of the fluid, and its height if foppe&dmt 
be uniformly denfe. Another; method of difcowy* 

v feig the height of die atmofphm i* deduced ft** 
•ffoical confiderations, by obfernhg/Jthe cfib&jft tat 
«h the light pf the $un. v-rj r; < jiuarr.! 

x 1a Vfcicfiftck the Specific > gravity .of the air^-fct ** 
(Sjg/'lfej) 1 nipitftoii* a bottle, *whofc contents an 
effiftif^known j ^for eaaifaple;»AppQftf: it- capttyf 
l#!fc)*£b£H two pOftmd&.o£. ; Ain-#^ic!r; to. a?tota* 
•{»n1ffg fr oetw^rdfe; be) fittedat ;X,\ and the*** J* 
ttfe atllHkl- from within by means I off the, air-pupip* 
ftferttAei-ito *b*»irifefcribed*>lfet the veffclahus qp. 
lifted be'Wtghed in watdr, or any ; other cjedfe 
•ildfto tKtvfcffd-M *r, a* fttpvefentediit therfigUrc* 

■fter which 1 Mt die air be admitted* - An additional 

f 

lreigtft ; '0f^1)OQtf 144. grainso*iB be "retpiiftd 19 
r rdtofe 4fc» tijuffibrium : : therefitafe* the air conned 
v fa the V^fcF»U{tv*^hs r4i^goans, the proportion 

frf Whichnttv tw^vpoundsfds^ to 800, of4-*p 
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jr In this experiment the veffel b is in&merfotf 

* tester, that the- fblcrum e£ the fcaks, being Ids 

loaded, may tuni with tefe friftion, aad cef&r 

quently 



PRiwtmt: or tow htmostr***. g t 

tjlfenlfy fefc «»i* fc*fib& - Ipto attcwied^bowcveri 
tffcfc «fifft£ diflkfflt&fthe chief of which *pnfift4 
itfth^attfaAicftvo^^irtft^n (bterfcdiatchc forfcce 
df^tte water* »d tBis:irconfidtfi#jB4e*ciiough 139 
tatata fcme pkilefcph&ff«) weigfothc Jieafe with* 

* Tht^ktidc gravity ofair* being thus (fifcovered* s 
it* phHTate -ataf be Ifcuadby she TortkeUian expo 
rimers; fo called fow its mventdr: Tonicettm 

feqgtli Jfl$ $iarih«k or^wards, ctofed as. the end 
4 ! 4nPtpdlfttt *p6tlofh*fanfc with <jukkfl<*i} 
«iacWtffc*Wtffc^ or other* 

WlTeVi«i8tM(»«litftmi b*» tfc*lfiet«f quickfitaf 
cd, and remove the finger frtdtt* the orifice* tht 
4«ikfflter «»1h*ilfe^id* to w Id** tube atthc 
lltigftfeiif about $0<t(l6lM8 's ' y>\ su ; . 

This phenomenon il* readily *xfrtai^edt> oiv the a 
, tffMm«n^iiu:^>i4P0f tytitoltatesS for^tacfc plir- * 
^fe^wuflf toe* Mrtwqbwfod,^^*^ pMbm* 
tii^^rtidbfd* iP«h» Ijifiel t Di^iikt Juftaiiijob 
rt^^^a^htofe ^Cft3^libm«4bp^c%ht of iW 
^i<*fit^/^(Piacwrif«i qffadcofaMiuif 

every Cdluqibof thc^oickfilv^rjp rcflTcsiith a&fc* 
that exceeds its own wteight Wfaetttbeifube b im» 
Jnwted, ioto the - vefifcl of qukkfUrar>><tht:ibr$m tf 
the column it contains being 4tfia>ded »fr<tot the 
fit Are of d»^eau>iphaB4 ty thwdbtat ****: cm 
prc6.Axwiwrtu-ds, with naunort thaodbfcwwh.?irefehft 
«nd yjU,«theycfercy :bc iaeqo^njbirftt^gpiEcBiay 
7 * the 
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die quickfilver in tfce vcflfel *sots again& Its de- 
fcent, then only* when it is forauch longer, tint 
the additional quickfilver may be equal to the 
additional weight which. a fimilar column in dm 
veffd receives from the prefliire of die atmofpberc* 
ft that is to fay, the prefliire of die atmofphere on any 
given furiace is equal to the weight of a column of 
mercury, wbofe bafe is the given furiace, and height 
equal to that at which it ftaods in the Torricellian 
cube; and this prcfiure is the weight of a gqIuom 
of air, whole bafe is die given farface* **** ***&* 
pqual to that of thc.aimoiffccffe Oft geacfity, 
becaufe die baf# q^yj>*foppofed not to vary* the 
preffure of tht MmoGfihalc, i* ; e* the height of ;th» 
mercury in the tube. . -.. , ; . rC > 

An inftrument confining of * Torricellian tube, 
with a fcale adapted for meafufing the heights of 
. the mercbry* n called a Barometer, , 
t It hat been. (hewn, that *ben the air is coo? 
denfed, its dctofity is in proportion to the weight d*t 
compreffes it (09, v). x By mean* of die Torricel* 
itan tube it may be obferved* thtt the feme pro- 
portion obtains when it is rarefied by taking off" 
part of the weight of the fuperiocumbent atmo- 
fphere* Fbr, in any elaftic fluid at reft, the fpriog 
muft equal the compref&ng force (1. 22, r)j and 
if any part of that force be taken away, it muft 
expand till the fpring becomes equal to the it* 
oiainden which will happen if the ehftictty of the 
fluid be weakened by expanfion. And fincethc 
prcflurcs of Aufc|i arc as their heights (3, h) 

the 



fee prcflure of#fc mfcrcbfy in the ttibe a B^fig; i d6) 
wiQ be equal to that in the tube a b, whfen the nfcr- 
cury reds at n in the fame- horizontal lint with fr; 
Now, if a bubble or fmall quantity of air be admit- 
ted into the tube ab, it wilideptdi the • ftier cury - 
below the mark w, dH its fpring, and the weight of 

v the mercury remaining in the tube, be 1n equilibria* 
with the preflure of the amofphereV that is, if the 
mercury be deprefled to m, that part of the weighf 
of the aftn<5l$>here which correfpofids tftth the 

1 quantity of mercury m b, will be fuftaincd' by the 
N weigbt of the mercury, and the remainder m n will 
be fbftained by the fpring of the included air. The 
included air then, being prefted by a weight lefs 
than that bf the whole atmofphere, j becdmej rare- 
fied 6t expanded?. By variously inclftingf the tube,. 
or by immerfing Ms loWer^end to grea^V depthfc 
in the baftn, the ihcludeft air majf be madS to bear ' 
lftdre of :j iefs of the weight d£ tlie ktiholphere/ as 
ttay be gathered By nteafuririg 'the perpendicular 
alatiifc;of ™ above th^-fbrfkee of the 'cjuiclcfilver 
cbritair^a in the vefiHci>, J and fubtra&iAg it from 
^dKwdeBNi whicfi (iorrelJ>onds with the weight 7 
of^tE? whole atmdfphel , e, , and its icontradion or 
dilatation obfervecf: whence it appears that the 
derifity of air, though greatly rarefied, is^ropor- 
tioitol to the comprtfling force. 

If two columns of uniform fluids, whofr fp£- o 

cifii gravities differ, be equal in weight, 'ahd'ttand 

on equal bates, thfeir heights will be reciprocally as 

djeirlpecific gravities (4, l,m # 6, t). Thefpecific 

Vol. II. _ D gravities 
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ffximcrft quickfilver wJ.W «ff feipe8»¥*!# 
14<>»9 "^ *i> therefore^,, r 
As the Ipceific gravity of 

. 311*, - • • ^ . i ■ 

1^ to <h^ fpepific of tn«- J j. • 

So is the height, of eh* ' -;. - 

. column of pefcury, - - 30 inches, - : 

To th$ height of an equal 

. m column of air ,* K * 336456, or 5^ Englifl* 
miles* 

E This would be th$ height of the atrnofphere, $ 

it were unjjfprmly of the fame denfity $ but «*, &*p 

• * ft . • I ^ « * ..!-, 

is npt the safe,.. on account of the clafticitv which 
caufes the, upper parts to cspaod in proportion 
as the weight of the fuperincumbent parts hpcgigcs 
left, thejiititudc muft be much greater* ., ; ,. r : _. 

F ,, TM^nfify of the qj: in that, parf .of.^attjttqn 
lphere in which we live being fhewn to .be as4he; 
weight that compreffes it, it is plain, if the.fpnftU 
tuition jpf tye air in ^19 fjippjpior Xt&otp tje^C.ifc 

Suppojg Am (fig. ,127). ..to.. be a colunu? of the 
at^of^re,. and i$na$in<? $e .fame to, be conti- 
nued atplcafure beyond m, fo as to reach its utmogi 
limife. Let this column be diyided ^0^ ijide* 
finit?ly great number of eqrn^ parts, Ab,hc, cd, 
&c. ri atyd th£> quaptky of air contained in any, one 
of thofe parts, or its derifity, ,-i^U be in proportion 
to the quantity of air which, is fuperincumbept on 

that 
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that part; Now, the difference between the quan- 
tities of air incumbent on any two contiguous parts 
is the quantity contained in the uppermoft of thole 
parts : that is, for example, the quantity fuperin- 
cumbent on d is lefs than that which is incumbent 

on c by the difference or part c d : therefore the 

• 

quantities contained in the equal parts or divifions 
are the differences between the incumbent mafles of 
air taken m a regular fucceffion $ and thefe quan- 
tities or differences have been fhewn to be in pro- 
portion to the incumbent mafles. *Now, it is 
demonftrable, that if any fucceffion or feries of 
magnitudes do increafe or decreafe in fuch a man- 
ner, that the differences fhall be in proportion to 
the magnitudes themfelves, then thofe magnitudes, 
arid confequently their differences, fhall be in a 
continued geometrical progreffion : whence it fbl- o 
lows, that the denfities or quantities of air contained 
in the equal divifions or parts a b, be, cd> &c. muft 
decreafe in a continued geometrical progreffion. 

On thfefe confiderations is founded the barome- h 
trioal method of meafuring the elevations of moun- 
tains, or other eminences. The principles made 
ufe of may be explained as follows : 

If a barometer were carried upwards with an i 
uniform motion through the column of air aqi, 

* Let a, t, c, d, &c. be magnitudes, w^ofe differences are 
as t&e magnitudes themfelves. 

That is 1 *— h :b:: b — c j c : : c— rfi a, Sec. 

Then ac~b b,bd~c c, &C. 

- And « : 6 : c : 4, &c. 

D 2 (fig. 
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» \ 

(fig. 127) its elevation above the furface of the 
Earth would increafe by the continual addition of 
the equal fpaces^ Ab, be, cd, &c. fo as to be fuc- 
ceffively reprefented by the natural (erics of the num- 
bers 1, 2, 3, &c. but the mercury in the tube 
would continually defcend fo as to pafs through 
heights that would be proportional to the preffures 
or denfities of the air (52, b, c) at a, b,c, d, &q. 

K that is to fay, while the elevations above the fur- 
face of; the earth increafe arithmetically the heights 
of the mercury in the tube will decreafe in a con- 
tinual geometrical feries (3 $, ,g)« 

L Now, it is well, known, that if a continued 
geometrical feries, beginning with unity, be ranged 
in order, with an arithmetical feries, beginning 
with o, or a cypher, the numbers of the latter feries, 
will be the logarithms of the correfpondent nurp- . 
bers of the other. Such are the numbers before; 
us; for the greateft denfity of the air, or greateft 
height of the mercury, may be called unity,. and. 

* 

. anfwers to an elevation of o, or nothing above 
m the Earth's furface. The elevations above the, 
Earth's furface will therefore be the logarithms of 
the heights of the mercury in the barometer. 
n If therefore we were provided with a table of 
logarithms, or ah arithmetical feries of known; 
unities or meafures, adapted to that geometrical 
feries which espretfes the gradual defcent of the 
mercury, while it is carried with an unifprm mo- 
tion upwards, the. differences of the logarithms of 
any two given heights of the mercurv would in 

fa& 
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feft be die difference of the elevations above the 
Earth's furfacc, or it would be the perpendicular 
fpace through which the barometer had been car- 
ried, in order to produce that defcent of the mer- 
cury. 

But as there is no fuch table in being, it would o 
become neceffary to compute dire&ly from the pro- 
perties of the geometrical feries, if there were nota 
method of applying the common tables of loga- 
rithms to this purpofe. It is a property of all loga- 
rithms* that if the difference between the logarithms 
of two numbers be taken in one fet of logarithms, 
and the difference between the logarithms of the 
fame two numbers be taken in logarithms of 
another form, the proportion between thefe two 
differences wilt be conftant for all pairs of num- 
bers fo taken *• From hence if the difference of 
two elevations be " experimentally found, and the 
refpe&ive heights of the mercury obferved at each, 
it tyill not be difficult to deduce any other difference 
of elevation from obfervations of the heights of the 
mercury at each, 

1 

» 1 

* In the following feries, 

o. 3. 6. 9. 12. 15. logar. 

0. 2. 4. 6.- &. 10. logar. % 

1. n. n* n* n* n* numbers. * 

it is obvious, that the logarithm, of any number in one feries 
has a conftant ratio to the logarithm of Jhe fame number in 
the other feries. And the differences between the logarithms 
of two given numbers in the two feries of logarithms will have 

« 

the fame conftant ratio, as being the logarithms of one and 
, the fame number/ namely, tbe quotient of thofe two numbers. 

D 3 An 
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p An example will render this dear. Suppofc the 
height of the mercury in a barometer be 29-96$ 
inches, and the height of the mercury in another 
barometer, placed at an elevation of 710 feet above 
the former be 18.770 inches, it is required to find 
the difference of elevation of two barometers, whofe 
mercurial columns ftand reipe&ively at 28.9 inches, 
and 17.5 inches. 
<^ If the altitude of the mercurial column, 30 
inches, be taken as unity, or the ftrft term of the 
geometrical feries, the two firft altitudes will be- 
come fra&ions *t j g- 5 . , and t8 ^° . of that unity, the * 
number 710 being the difference of the loga- 
rithms, or correfpondent terms of the arithmetical 
feries of elevation* taken in feet. Take now the 
difference of the common logarithms of thofc frac- 
tions, or, which is the fame, the difference of the 
logarithms of their numerators, thus : 

29.565 its logarithm, - - 1.4707779 
28.770 its logarithm, - - 1.4589399 

Difference, .0118390 
r And this difference .01 18380 will bear the fame 
proportion to the difference of elevation 710, as 
the difference of the common logarithms of any 
other two altitudes of the mercury will be to the 
difference of elevation between them (37, o): fo 
that with refpeft to the thing required, 

From the logarithm of 28.9 - 1.4608978 
Take the logarithm of 27.5 - 1.4393327 

The difference is .0215651 

And as ,0118380 : 710 : : .0215651 : 1294 feet. 

As 



." As/^crt#D rt -firft;3tctms arc trfHarifant ufe in 9 
ditfc computation^ lev will be dd w rtageoat tfe 
reduce them to the fiinpfeft eaprcflkm: <heb> as 
♦01 18380 : 7 10: : 1 : 60000 nearly* > fothat* jnfttaj 
of working the proportion with the tfeo firft terni^ " 
it will be fufficient to: multiply the* difference df 
the logarithms by 60000, and die produd will give 
the elevation in feet of t>ne barometer above the 
other. 

But to multiply this difference by 60000 is the T 
lame *d to multiply it by ioooo, and by 6. The 
multiplication by iodoo is effettcd by moving the 
decimal point four places farther to the right: 
whence it is feen* that the decimal point being 
removed four /places to the right, converts the 
difference of the logarithms into a number that 
requires to be multiplied by 6 to reduce jt into 
feet. The number itfelf is therefore the height in v 
fathoms and decimal parts : 

Confequendy, the fhorteft genera] rule for v 
incafuring heights by the barometer is, take the 
difference of the logarithms of ^ the heights of the 
mercury at both ftacions, and the four firft figures 
following the decimal point will be the fathoms, , 
and the reft .a fra&ion of a fathom, expreffing the 
elevation. 

It is evident, however, that this rule fuppofes w 
the fpecific gravity of the mercury to remain unal- 
tered, becaufe its height could not otherwife be a 
fetded meafurc of the denfities of the air that fuf- 
tains it; It is likewife implied, that the dehfuy of s 

D4 ,the 
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the air is ifibjesftio no otfaerxhange than:may 
Irom k* j^iniflied; cdniprcffion in afcending . to* 

' va^i'theiioppcf ;rcgbni3;of the air: but neither of 
j&ffe pqfitioaS c&& be admitted in the aftual prac- 

x riser;: ffot <alb Wdies expand and occupy larger 
jjpacc* when thtir temperature is increafed. The 
mercury in the harometqr, when heated, will be 
fpecifically lighter, and will cenfequendy afcend 
from that caufe, even .though the preflure of the 
air fhould reaiftin unhanged : and the air, when 
expanded j?y the fame agent,- will not diminifh its 
prefijtfe tff&> die ufual ratio in afcending: or, if 
the fame geometrical feries be fuppofed to be re- 
tained, the upity of its logarithms will toe greater 
than before,; and the general mkj^J^yX ioftead 
of giving ..fathoms, will give, a number t>f forte 
larger mea&re. Thus, We fee, that the rule fan 

- tie trite wtlybwith refpeft to air of a given tetti- 
perature, and that in all other cafes it will require 

v to be correfted. ,. ;:^ \ 

Y Bjr a very valuable fet. of experiments it is found, 
that the mercury in a barometer changes its, alti- 
tude by heat, according to the following tabic: 

Z If the mercury in the baromer ftaqd at jo 
inches when the temperature is 32% its changes 
will be fqr every degree, y 

between between between between 
o and 32 32 and 52' 62 and 72 72 and 92 

" falls 0.0034 inch, rif, 0.0033 rif. 0.0032 rif. 0.0031 

A : In order therefore that we may know the effect of 
die air's preflure on the .barometer, it is required, 

that 
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that its height fltouid be corrected by the addition 
or ftibtraftion of thefe quantities, according to the 
number of degrees of temperature above or below 
3 2°, and in proportion to its height. 

It is alio pretty well eftablithed from barometri- i 
cal obfervations, and from experiments made with 
air of various derifities, that- its expanfions by heat 
are as in the following table. The height of the 
mercury is taken to be the mean between the heights 
at the extremities of the column of air, and the 
column entitled correction (hews the expanfion or 
diminution of the column of air in thoufandth parts c 
of the elevation given by the general rule (39, v)» 

Mean height of barometer 30 inches. 



Mean 

Temperature 

of the air. 


■ 


Corre&ion. 


Difference for 
1 inch barora. 




92 




156.381 


6.0925 


82 


5* «* 


131*188 


5.111 




3 %Jr 


105.047 . 


4-0925 


$2 




78.4*7 


3-055S 


5 2 


* 


5i*3J5 


a. 0000 


4» 


, 


»5*93 


0.9816 


32 


<3 

1* 

h 


0. 


0. 


, ' 22 




24.242 


0.4722 


1% 




47-53* 


0.9259 



The philofopher who undertakes to meafure d 
heights barometrically Ihould be provided with two 
portable barometers, of the belt conftru&ion, on 
which he may read off die height of the mercurial 
columns to the 500th part of an inch; each baro- 
meter 
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be the true elevation, if die mean between die tem- 
peratures indicated by the detached thermometer 
be 32 . \ 

H Thirdly. But if the mean temperature of the 
column of air, as indicated* by the detached ther- 
mometers, be above orbelow 32 ; find the mean 
between the two altitudes of the mercury : extraft 
from the table (41, c) the two numbers in the 
column* of differences that range oppofite the two 
temperatures, between which the mean temperature 
of the column of air lies ; multiply each by . the 
number of inches (and parts-, if -the elevation be 
great) which the mean altitude of the mercury 
differs from 30 inches. Suhtraft thefe products 
from the refpedttve oppofite numbers in the column 
of corre&ions, if the mean altitude of the mercury 
be lefs than 30 inches, but add,, if it be greater. 
Find the difference between thefe two remainders 
or (urns, and multiply it by the number of degrcps 
by which the mean temperature exceeds the lower 
of the two adjacent temperatures in the table. 
Divide this produft by 10, and add the quotient to 
theleaftof the twa remainders or fums laft men- 
tioned. The fum will be the true corredion in 
{houfandth parts of the logarithmic elevation. Re- 
duce it into fathoms, by multiplying it into the 
logarithmic elevation, and dividing by iooo. This 
quotient being added to the logarithmic elevation, 
if the mean temperature exceed 3 a , or fubtrafted, 
if it fall (hort of 32°, will give the true elevation 
or perpendicular diftance between the two baro- 
meters. 

3 Example* 
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Example. ; Suppofe the Mowing observations i 
to be made, it is reqwcd to find the elevation, oc 
vertical diftancc between the barometers. 

* * * ' 

Lower Ration. Upper ftation. 

Caernarvon quay. Peak of Snowdon. 

Height of Mercury, ^9.976 in. 26.289 inches. 
Attached thermometer, 6 2\° -4&i* 
Detached thermometer^ 62 - 46 

The computation, ? By the table (40, z) the & 
reduction for th<t lower barometer comes outo.i, 
which, fubtraded from* 29.976, gives 29.876. By 
the lame table, the redu&ion for 467°, with a co- 
lumn of 26 inches, comes out .042, which, fijb- 
tra&ed from 26.282, leaves 26.240 inches. Now, 
the logarithms of the reduced altitudes, 2 9.876, and 
16.240, are 1.4753225, and 1.4189638* the diffe- 
rence of which is .0563587, or (43, g) 563.587' 
fethoms. •• • 

The mean temperature between 6 2° and 46 is l 
54 , and confequently the logarithmic refult will 
require corredions by the fecond table. The mean 
between the two barometrical heights is 28 inches, 
or 2 inches* belqw 30. The two numbers in the , 
column of different.. oppofite the. temperatures 52* 
and 62° are 2.0000, and 3.0555; thefe, multiplied 
by the number of indies, or 2, give 4.0000 and 
6.1 11; the number 4.0000, -fubtra&ed from its 
oppofite in the column of corre&ion, 51.335* leaves 
47*335* and the number 6.1 11, fubtra&ed from 
78.427, leaves 72.316 i the difference between 

thefe 
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thcfc remainders 47.3.35 aiid^l.^i 6 is 24.981, 
which, multiplied by 2, the number of (degrees by 
vhich.the mean temperature 54 exceeds 5a , the 
lower of the two adjacent temperatures in the table* 
gives 49*962. This produft, divided by iq, is 
4.9962; which quotient added 1047.335, the'feaft, 
ef N the two remainders, makes 52.331, the tfue co/* 
♦rfc&ion inthdufandth parts of the logarithmic, ele- 
vation. 

u The true corre&ion 52.33 1, 'feeing multiplied* by 
the logarithmic altitude 56j,;produaes 2946 J.353X 
this divided by 1000 affords a quotient 6^19.462353 : 
which is the true correction in fathoms, to be added 
ta*:the logarithmic elevation, becaufe , the mean 
temperature exceeds 3 2°: the fum, namely,! 
563.587;^^ to 29.462353, ma:kes 593.049353? 
fathoms, 0^:35^8.2^971! 1 8 feet, for the true ele- 
vation required V • . 

n The intelligent reader will readily perceive, that 
though the decimals in this computation are moftly 
retained, yet, it will in general be fafficiently exaft, 
and much lefs operoie, if only the two firft decimal 
figures of any number be retained/ ; 

o The advantages of this method, compared with" 
the geometrical method of meafuring elevations, are, 

* This method, which is taken from Col. Roy's **ciU4tkt 
paper in the 67th volume of the Philosophical Tranfa&tons, 
may be Tendered more eafy in the practice, by extending the 
tables To as to give the corrections at fight, as in Tome meafure 
done in the original ; but the brevity of theprefent work pre- 
vented their being copied here. 

firft, 
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fidt, the feihutotatsare neither very expenfive nor 
eYcn.difficukfor'an, ingenious philofopbcr to make 
in any .country where he can procure quickfilver 
and glafs tubes ; bw the geometrical method de« 
rnands inftruaipnts of confidcrahle price, which can 
fcarcdy at aU be conftru&ed by the mod ingenious 
perfcn who is destitute of the tools, and unac- 
quainted with the artifices required to render them 
correct . Secondly,! /The barometers require no 
other ^ufto^q^tljan to obfervc previously, whe- 
ther ' they agree*, a«$4:o allow for their difference. 
T^?-b^rome^icaiobfervations are like wife cafily 
m#te* whereas, on thfi contrary , the previous adjuft* 
stayeqMfid fjL^equfiQt yfe of inftrumcots for mea* 
faring ^gles require a ckgise of-jwetfion and 
fkill not ufually ob(ainod withqut pm&ce* , , Thirdly, 
Thefrror of obfervation in the barometwpal method 
for all elevations is; nearly a conftant, quantity, never 
amounting to fo much as, half a fathom* for a mif- 
take of the 500th of an inch; but any error either 
in the mcafurement of lines or angles proportionally 
affc&s the rcfult 1 fo that the ^greater the elevation 
required to be meafured, the larger the quantity of 
error. Fourthly, The barometrical bbfervations re- 
quire no particular . circumftances of advantage, 
either in the figure or fituation of the mountains 
required to be meafured, nothing more being re- 
quired than that both Rations be acceflible. Thefe 
obfervations, and the computation, are perform- 
ed after the fame method in all cafes \ but in 
the geometrical method, if the horizontal diftanc* 

of 
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of the twerftations bt confiderahle, or if there bd 
not a convenient plain for meafuring a fundamental 
bafe, the operation .becomes $ery complicated, and 
the chance of error is multiplied. 
. It mud not, however, be difguifed, that the prin- 
ciples of the geometrical method are eftabliftied 
and fure, and that an extreme degree of exa£ln£fs 
may be obtained in this way % good inftrumeatl 
in the hands of a fkilful *obfer^r. Whereas tte> 
modifications of the* atrtofphefr^wkfc refped£tO tfe» 
effeft which exhalations of^ariou* kiBds, -arid tiitf 
greater or lefs abundance of the- efe&ric :i maffer» 
may have in expanding the air,' without changing* 
its temperature, are not yet fufficiehtly known to 
render the corrections altogether asperfaft as mights 
be wifhed. Future obferyations mufl point out 
thefe, and 4n the mean time it is to be remembered, 
that the elevations determined by the barometer, 1 
when the extreme temperatures of x the column of 
air do not greatly differ, and when thri air is cold 
and dry, are moft to be depended on *. 

* For a more full account of this curious fubje&, confult Dc: 
Luc's Recherches fur les Modifications de UAtmorphcre.., Sir 
George Shuckburgh's valuable Obfervations made in Savoy, 
in order to afcertain the height of mountains by means of tile 
barometer, inferred in the Philofophical Tranfa&ions, vol. 67,. 
with Col. Roy's* and Mr. de Luc's papers* in the fume vo* 
lume : alfo Damen's DifTertatio Phyfica et Mathema^ca de 
Monti x um Altitudine barometro mctienda; and the authors" 
by bim cited, 

* 

CHAP. 
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CHAP. II. 

1 

OF THE REFRACTIVE POWER OF THE AIR; AND 

THE CAUSE OF TWILIGHT. 

• That the celeftial fpacc or heavens is either Q 
nearly or abfolutely vacuous, appears from the 
fmall rcfiftance the planetary bodies fuflFer in their 
motions ; fuch refiftance, if it obtain at all, being 
too minute to be clearly afcertained by any obferva- 
tions we are in pofTeffion of. Light therefore, 
when incident on our atmofphere, pafles from a 
rarer to a denfer medium, and ought, according 
to the principles of optics, to be refra&ed towards 
the perpendicular (i. 262, a). And this is accord* 
ingly the cafe. Let the circle abc (fig. 130) R 
reprefcnt a fedtion of the Earth, and the external 
concentric circle the furface of the atmofphere; let 
h n be the fenfibje horizon of a place a, and s the 
Sun beneath the horizon ; then a ray of light inci- 
dent on the fuf face of the atmofphere at 1, will, in- 
ftead of proceeding to a, be refra&ed towards the 
perpendicular 1 e, and that continually the more as 
the denfity of the medium becomes greater, fo that 
it will arrive at a after pafling through the curve 
1 a ; and a fpc&ator at a will behold the Sun ip the 
line of the laft direction of the ray, namely, in that 
of as, the tangent to the curve. The apparent ele- s 
vation which a celeftial body fuffers wjien its rays 
VoL.II. * E fall* 
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fall with the greateft obliquity, to wit, when it is 
feen in the horizon, is about thirty-three minutes 
of a degree : at other altitudes the differences be- 
tween the true and apparent places are lefs, the 
incidences and refraftions being lefs confiderable. 

t Hence it comes to pais, that we fee the celeftial 
bodies for fome time after they are fet, and before 
they rife in reality, by which means we enjoy 
about thrp e days in the year more day-light than 1 
otherwifc we fhould: but in the northern parts, 
where the fun rifes and fets more obliquely, and the 
atfnofphere being condenfed by cold, refrafts more* 
ftrongly, the difference is much greater. 

u The refraction, as well as all the other pheno- 
mena produced by the atmofpherc, are variable, 
as the denfity of the air changes. This variation 
'renders tfte obfervation of low altitudes uncertain, 
as the allowance for refra&ion cannot be collected 
with great prccifion from any tables. The trigo* 
nometrical admeafurement of the heights of lofty 
mountains is like wife rendered lefs accurate from 
this caufe. 

V A method of difcovering the height of the atmo- 
fphere is deduced from obfervations of the ta6rti- 
ing and evening twilight. Notwithftanding the 
very great tranfparency of the air, it may be ren- 
dered vifible by means of the rays of light refieded 
from its parts in all dire£ions. * This effeft is feen 
when the beams of the Sun*are admitted into & room 
through the wiridow-fhutter, and may frequently 
be obferved when the Sun (hines- through the 

chafms 
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chafms or openings in a tlark cloud t from which 
caufc it happdis, that thofc bodies which emit a 
very fmall quantity of light are not to be difcerncd ' 
in thfe ftronger fight: 1 In the day-time the ftars w 
are invifi&le, artd the flame of a candle can feareely 
be feen in the fon-flune: were it not for this illu- 
mination the fky would appear black, and the fhady 
fides of objeftfr ivould be of a dark colour, nearly 
the fame as at midnight. 

' The fun fhining 6n the globe of the earth can x 
illuminate but one hemifphere at once, as has' 
already been (hewn ; but it is not fo with the atmo- 
fphere which environs the globe. Thus, the illu- 
minated part of the globe terminates at d and d, 
(fig. 12,8) but the atmofphere is enlightened as far 
as b and b. In confequence of this it happens, 
that thofe parts which have already entered into the 
dark herhifphere, and to which therefore the Sun is 
fet, muft ftill enjoy a degree of light that conti- 
nues as long as any of the enlightened part of the^ 
atmofphere , remains in view. This light, which y 
gradually decays after fun-fet, or increafes before 
ftm-rife, is called the twilight. * Let a h c d d b 
(fig., 1 29) represent a feftion of the Earth in the 
plane of the Sun's azimuth, and let the fpace con- 
rained between the concentric circles reprefent the 
atmofphere : then, the Sun's rays in the directions 
s b, sb, will illuminate half the globe d c d, and the 
atmofphere will be enlightened as fer as b arid b on 
each fide within the dark hemifpheft'i which en- 
lightened part, fo long as it ' continues abe*fc the 

E 2 horizon 
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horizon of any place, will caufe a twilight at that - 
place. The ray s d b is a tangent to the Earth at 
d, and meets the circumference of the • atmofphere 
at b. From b draw the line b h, a tangent to the 
Earth at a, which continue towards n; hN will 
then reprefent the horizon, in which the extreme ; 
point b of the enlightened part of the atmofphere 
will be fituated; that is, twilight will be juft be- 
ginning or ending at the place a. The angle sbn, 
which is equal to the angle aed, will be the angle 
of the Sun's depreffion beneath the horizon hn; 

z and the angle abb is the half of aed. Hence, 
if the depreffion of the Sun beneath the horizon, 
and the femidiameter of the Earth be known, it 
will be eafy to find the height of the atmbfphere. 
For, in the right angled triangle abe, 
As the fine complement of half 

the Sun's depreffion - - aed 8° 30* 
Is to the Earth's femidiameter .- ae 3437 miles, 
So is radius - - fine 90 

To the hypothenufe - - • Je b 3475 miles. 
The difference between which and the femidiameter 
of the Earth, is the line h b, or height of the 

a atmofphere, 38 geographical, or 44 Englifh miles. 
The angle of the Sun's depreffion is known by the 
time elapfed between the beginning or end of twi- 
light, and the riling or fetting of the Sun; and it 
is judged to be twilight fo long as the illumination 
of the atmofphere prevents the fmallgr fixed ftars 
from appearing. It is alfo obfervecl, that the even- 
ing are always longer than the morning twilights, 

which 
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which moil arife from the rarefaction of the air over 
the place, after die day's fun-fhinc. A fimilar 
difference is obferved between the twilights of fum- 
mer and winter. 

This explanation is fuffident to Ihew the caufe b 
of the twilight. But in drift computation the refrac- 
tion to which the light is fubje& three times before 
it comes to the eye fhould be allowed for, and will 
fomcwhatdiminifli the height deduced. 



CHAP. in. 

CONCERNING THE CAUSES BY WHICH THB SPRING 
OF THE AIR 1$ ALTERED AND WINDS ARE PRO- 
DUCED. 

THEpcpanfion of air by heat, while the prefiure c 
remains the fame, has already been taken notice of 
(40, x). Heat therefore increafes its ipring, as 
may be (hewn by the following experiment : 

Let adb (fig. 131) reprefent a hollow-glafs- d 
ball, having a narrow bent tube a cos affixed to 
it. The lower part of the bent tube, and part of 
the ball, is filled with mercury, as in .the figure; 
the furface a b within the ball being on the fame 
horizontal line with the furface at c in the tube. 
The parts of the mercury will be then in equilibrio, 
the external furface c being preffed by the weight 

E 3 of 
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of the atmoipherc, and the internal furfafce ab be- 
ing preflcd by the fpring of the included sir, which 
is equal to that weigh*. But if the ball be imrtierfed 
in boiling water, the increafed fpring of the included 
air prefling oh the fur face >a«, will raale the mer- 
cury from c to g> and there fuftain it> namely, at 
the height of 8£ inches, when . the mercury in the 
Torricellian tube ftands at 30 inches. And as the 
contained air is not fenfibly dilated by the extrofion 
of fo fmall a quantity of mercury, the fuftentation 
may be regarded as 'the entire effedt of its fpring. 
The fpring of the included air at the heat of boiling 
water is therefore not only equal to the weight of 
the atmofphere, but likewife to an additional pfeffure 
of more than -^ of that weight. 
, By the fame inftrtiment, it is found, that the elaf* 
ticity of the air is < weakened by immerfion in very 
cold or freezing mixtures. And conclufions iinrilar 
to thefe may be made by various methods, which 
the attentive learner will readily difcover. . 
f In the foregoing experiment the air was pre- 
vented from expanding, in confequence of its in- 
creafed fpring, by the preffure of the mercury -, but 
if, inftead of putting mercury into the ball, a fmall 

* » 

quantity be -made to hang in the tube* as at a h, 
it wilhby its motion indicate the dilatation or con- 
g tradtion of the included air.- By a method fimilar 
- to this it \i found, that from the point o in Fahren- 
heit's therttioriieter to the heat of boiling water, or 
a 1 2°,' common dry air expands fo as fo occupy an 
additional fpace more than before, equal to the frac- 
tion 
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tioa .48421 of its former bulk. But the expanfions 
of moift air arc much greater*. 

It vyill not be difficult from thefe experiments to a . 
point out the caufes of many phenomena that hap- 
pen in the air. For, if any part of the air be- either * 
heated, or charged with vapor, it will expand, and 
in confequence of that expanfion become fptctfr* 
cally lighter than before. It mutt, therefore, by the , 
laws of hydroftatics, afcend, and the circumambient 
iair mud prefs in on all (ides to fupply its place. 
Hence the caufe of the afcent of fmoke in a chim- 
ney. The air which pafies through the fire, or 
comes within a certain difta'nee from it, is rarefied, 
and afcends, giving place to the cold air that 
prefles in: this in its turn becomes rare Bed, and the . 
-afcending current of air continues as long as the fire 
is -kept up, the wind drawing from all parts towards 
the chimney. 

If the fire were in the open air, the heated air I 
would ft ill afcend in a current, and the cooler air 
prefs in on all fides $ that is to fay, a wind would 
be generated, which would conftantly blow to- 
wards the fire/ The quantity>of air rarefied by any 
fire we can make is ftrfmall, that the wind produced 
by that means is too inconfiderable to be perceived at 
any great diftance from the fire; but the rarefa&ions 

• Mufchenbroek's Cours de Phyfique may be confulted for 
an abftradt of what has been done refpe&ing the expanfion of 
air by Amontons, and others. Bat the moll copious and valu- 
able fet of experiments are thqfe of Col. Roy, in the Fhilofo- 
phical Tranfaaions, parti, for the year 1777. 

E4 arifihg 
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- arifing from natural caufes are fufficient to produce 
all the winds that agitate the atmofphere. 

k The fcnfibte horizon is not only divided into 
360 degrees, like other great circles, but alfo into 
32 equal parts, called points of the compafs, which 
are again fubdivkled into halves and quarters. The 
points of the compafs have each a leparate najne* 
The points of irtterfe&ion between the meridian 
and the horizon are termed North and South ; and 
two other points, at the diftance of 9Q from the 
North and South, are termed Eaft and Weft : 
thefe four are denominated cardinal -point?. The 
intermediate points take their names from th$ car«- 
<linal points between which they are fituated, as in 
the figure, where the initial letters N. S. E. W, 
(fig, 132) ftand for the words" North, South, Eaft, 
Weft. 

1 A wind is named from the point of >the compass 
from which it blows, 

m The different winds may, with refpeft to their 
dire&ion, be reduced into three claffe*, viz, gene- 
ral, periodical, and variable winds, 

n General winds blow . always nearly in the fame 
dire&ion. In the open feas, that is, in the Atlan- 
tic and Pacific Oceans, under the equator, the wind 
is found to blow almoft conftantly from the caft- 
ward ; this wind prevails on both fides of the equa- 
tor to the latitude of a 8°. To the northward of 
the equator, the wind is bttween the North and 
Eaft, and the more northerly the nearer the nor- 
thern limit; to the fouthward of the equator, the 

wind 
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wind is between the South and Eaft, arid the more 
foutherly the nearer the fouthern limit. 

Between the* parallels of a 8° and 40 fouth lat. o 
in that traft which extends from 3d Weft to ioo° 
^Eaft longitude from the meridUri of London, the 
wind is variable, but by far the greater part between 
the N. W; and S. W. fo that the outward bound 
Eaft tndia (hips generally run down their cafting 
on the parallel of 3 6° fouth. 

Beyond the northern limit of the general wind in i» 
the Atlantic Ocean, the wefterly winds prevail, but 
not with any certainty of continuance. 

Near . the weftern coaft of Africa, within the q^ 
limits of (he general wind, the winds are found to 
be deflected towards the ftiore to fuch & degree, 
that they are found to blow from the N. W. and 
S. W. quarters for the moft part, inftead of the 
N. E. and SL E. as is the cafe farther out at fiau 
. The general winds are ufually called trade-winds, a 
In the Atlantic Ocean, the S.E. trade- wind ex- a 
tends as far as f north, and the N. E. trade* Wind 
ceafes at the 5th degree N. In the intermediate 
(pace are found calms, with rain, and irregular un- 
certain fqualls, attended with thunder and lightning. v 
But this fpace is (hifted farther tQ the npfthward or 
fouthward, accordingly as the Syn's declination 6 
rpore northerly or foutherly. 

Periodical winds are thofe which blow in a cer- t 
'tain direction for a time, and, at dated feafons' 
change and blow for an equal fpace of time from 
fhe oppofite point pfthe xompafa. Thefe may be 

divided 
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divided into two defies, viz. morifoons, or "wind* 
that change annually $ and. land and tt^breezesj 

' or winds, that change di usually,. *' 

u While ih$ Sun is tt> the northward of the equi- 
'no&jal^that is fa :jjay, in the months of April, 
May, June, July, Auguft, and September, the 
wind blows. from the fouchwafd over the whole 
extent of die Indian Ocean; namely, 'between, the 
parallels of 28 N. and a8° S. latitude, and be- 
between the eaftern coaft of iVfrica and the meridian 
which paffes through the weftern part - of Japan, 
In the fea between Madagafcar and New Holland* 
the S. E* wind prevails as far as the equator, where" 
it is defie&ed, and blows into the Arabian Gulf and 
Bay of Bengal from the S.W. Between Madagaf- 
car and the main land of Africa, a S. S.W. wind 
obtains, and coincides with the S. W. winds in the 
Arabian Gulf. To the northward of New Holland, 

1 thevS. E. wind is predominant, but varies very 
much among the iflands : and between the penin- 
fula of Malaca and the ifland of Japan, aS, S. W. 
wind prevails. All this is to underftood for the 
aforementioned months. ' : 

v But ih the other months, Oftobcr, November, 
December, January, February, and March, a re- 
maskable alteration takes place. In the fea between 
Madagafcar and New Holland, the S. E. wind 
extends no farther to the northward than about the 
10th degree of fouth latitude, ' the other 1.0 degrees 

. being occupied by a wind from the oppofite point 
of the compafs, or N. W. at the fame time that the 

winds 
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in all the northern parts of the Indian Ocean 
fhift round, and blow dire&ly contrary tathecourfe 
they held in the former fi* months. Theft winds - 
are called monfoons, or drifting trade-winds. 

Thefe changes are not fuddenly made. Some w 
days before and after the change there are calms* 
variable winds, and dreadful ftorms, attended with 
thunder, lightning, and rain. 

On the greater part of the coafts of lands fituated x 
between the tropics, the wind blows towards the 
ihorc in. the day-time, and towards the fea in the 
aight* Thefe periodical winds are termed the land 
and lea breezes, and are much afiefted, both in their 
direction and return by the courfes of rivers, 
tides, &c. 

' 'Variable Winds are thofe which are fubjclfced to t 
no period, either in duration or return, and are t06 
well known to need description. ' . .» 

If the air were uniformly of the fame denfity at ^ 
the Okcftt height, and the lighter parts always repofcd 
upon the heavier, it is evident that, the lateral pret 
fure beifig equal in every horizontal direction, it 
wouM remain at reft. But if, on the contrary, any 
portion or part of the air were heavier than the reft, 
it Would defcend, pr if lighter, afcend, till the equi- 
librium was reftored > ib that either the difplaced* 
afe would occafion a wind, diverging . from a cen- 
tralipace in confequence of the defcent or pouring 
cto#n of the heavier air, or elfe the air rulhing in, 
would occafion a wind converging to a central 
lpace to fupply the lighter afcendipg ftream.. It 4 
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is therefore evident, that any agent that alters the 
denfity of a part of the air will produce a wind. 
. The denfity of air is changed by compreffiony 
and by heat. Its elafticity is increafed by the. 
additi6n of moifture, and ele&ricity may have 
likewife fome effedt of the fame kind. The com* 
predion the air fuffers in the natural courfe of 
events, is pearly, uniform, and experiments are 
wanting to decide, whether the addition of moil- 
ture to air at any of the ufual temperatures does 
not augment its denfity as much as. the increafed 
clafticitydiaiimflies.it; neither have any methods 
been yet devifed to {hew, whether air in different 
fituations with refpeft to de&ricity is altered in its 
dimenfions. In confidering the caufes of winds, the 
principal agent to be attended to mud therefore 'be 
fcwt. 

If the Earth did not revolve on its aids, it is 
plain that the Sun, being stationary over one parti- 
cular .fpot,, would rarefy the air at that fpot; it 
WiOtild confcquendy afcend by the prefiure of the 
circumambient* and lefs rarefied air, till it arrived 
at a region in which the air was fufficiently rare to 
fuffer-it to expand on all fides: and thus there 
would be produced a converging wind ne&r the 
iiirface of the Earth, and a contrary or divergent 
wind in the Mpper region of the air. But fince the 
Earth does revolve on its axis, and the Sun there- 
fore is not ftationary, it muft follow, that the place 
where the air is moft rarefied will be found fuccef- 
fiycly in every point of the parallel over which the 

, Sun 
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Sun mores in the, coprfe of a day. A^d as this 
place cojijinuallj^ijioYes xp the weftward* , the lower 
air ,muft as conftandy follow, it* Hence we have the 
origio of the general N. E. and S. E. trade-winds, 
which iKLdoubt would extend over the whole of the 
lpace between the tropics, were it < not for the dif- 
ferent temperatures, of the continents and iflands 
over which the Sun pafles. For the fur face of earth 
is more heated than that of the fea* by reafoo that 
the tranfparency of the water permits many of the 
rays of light to pais to its interior parts before they 
are ftifkd and loft. The air therefore, contiguous 
to the land, being more heated than that which refta 
upon the t fea, will prevent the regularity of the 
effect. Thus, near the w^ftern coafts of Africa and 
America, the winds blow from the weftward, to 
fupply the conftant rarefa&ion thofe heated lands 
produce. 

Tbe.general N, E. and S. E. trade-winds, pro- d 
during in the upper region of the air winds in 
the contrary directions, feem to be the caufe of the 
wpfterly winds which are obferved to prevail between 
the latitudes of a 8° and 40 . 

in accounting for the mqnfoons, or periodical ^ 
trade-winds, it is necefiary to mark the peculiar 
circumftances whjch obtain in .the Indian Ocean, 
and which are not found in the Adantic or Pacific 
Oceans* They feem to be thefe. That the ocean - 
is bounded to the northward by fliores, whole lati- 
tude does not exceed the limits of the general, 
trade- wind, and that thp general trade- wind. falls on 
fec-fhores to the weftward. 

■• < The 



6l THE PHENOMENA OT 

The Stm being twice in the year vertical in the 
equator, and never departing mote than 23%* 
from thence, caufes the air in that climate to be 
hotter that at any other place on the oceans and is 
the octagon of the trade-wind, as has already been 
fhewn» Such a f arcfied fpace muft extend actofs 
the Indian Ocean, and produce a S. E. wind to the 
fbuthward, and a N. E. wind to the northward of 
the equator, overwhicfi, in the upper regions of the 
air, the winds return in the contrary dire&ioris. 
This we accordingly fee happens in the months of 

Q&ober, November, December, January, Febru- 

>-. » 

ary, and Mfcrch. But when the Sun declines to the 
northward, and heats the land there,, the air con- 
tiguous to thofe lands become rarefied, and the 
lower air has a tendency to move that way. This 

. tendency increafes as the Sun advances farther 
North, fo that the whole body of the lower air ; 
to the northward of the equator moves towards the 
northern lands, notwithftanding the equatorial rare- 
faction, which muft be fupplied by the upper or 

g returning current. It feems then that the body of 
the lower air in the northern part of the Indian 
Ocean is determined as to its courfe by the greater 
rarefaction : if the rarefa&ion at the furface of the 
knd be greater than that at the equator, the wind 
Mows to the North, and the contrary happens when 
the equatorial rarcfaftion is greateft. When the 
northerly trade-wind prevails, it blows out of the 
Arabian Gulf upon thc : coafts of Arabia, Aynan, and 
Zanguebar, and is reflcfted into ' ' the ftraits of 

Mofambique. 
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Mofambiquc And at the other feafbn, the general 
foutherly wind feems.to be refle&ed to the weftward 
by the fame caufe. x . 

Thefc, or fqme fuch like, are probably the caufe h 
of the winds that prevail in the Indian feas. But 
the obfervations we are in poffeflion of are too few 
and too inaccurate for the purpofe of forming * 
theory. 

Oa the fame principles it will not be difficult i 
to account for the land and fea-breezes. For, be* 
caufe the land is heated in the day-time, the. wind 
muft blow in fhore to fupply the place of the afcend- 
ing rarefied air : and in the. night the land cook, 
and condenfes the air, occafioning the land breeze* 

The circumftances that produce the variable k 
winds are referable to thofe already noticed, but 
a& fo differently in particular cafes and titrations, 
that it is fcarcely pra&icable to reduce them to any 
rule. 

When feveral winds converge fwiftly to one i 
point, the air afcends with great rapidity, and ac- 
quires a whirling motion, like that of water defend- 
ing in a funnel. And as the centrifugal force in 
this whirling motion of the water is often fufficicnt 
to counterpoife the lateral preflfurc, and to prevent 
its approaching the* central part, it frequently hap- 
pens, that a perforation is feen quite through the 
body of the fluid. In like manner, the centrifugal 
force of the air may become equal to the preffure of 
the atmofphere, and confequemly leave a void fpace 
about the center X>f the motion. This phenomenon 
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is called a whirlwind* and fometimes produces fatal 
cflfedts. For, partly by the expahfion of the air in- 
cluded in houfes or other buildings! and partly by 
the violence of the attending current, it happens, 
that bodies near the center of the whirl are blown up 
into the vacuum, or carried aloft with great irope- 
tuoficy in a fpiral motion. - ' 

M If one of thefe whirlwinds happen at fea, the 
preflure of the atmofphere being taken off that part 
of the furface over which the vacuum is formed, 
die water, on the principle of the Torricellian tube, 
will rife to the height of thirty-two or thirty-three 
feet before it will be in equilibrio with the external 
preffure. The afcending warm air being mod pro- 
bably charged with vapours, will fuffer them to be 
eondenfed as it arrives in a colder region, and thus 
the courfe of the current will be marked by the 
denfe and opake vapor, and by the continual afcent 
a cldtid will be- formed above. Thefe are the phe- 
nomena of water- fpouts. At firft a violent circular 
motion of the fea is obfcrved for the (pace fometimes 
of twenty feet diameter; the fea rifes afterwards 

^ by degrees into a tapering column of about thirty 
feet in height, at the fame time that a cloud appears, 
from which a dark line or column defcends. This 
column is met by another, which afcends fomewhat 
Eke fmoke in a chimney, from the lower or folid 
part of the fpout. After this junction the cloud 
continually increafes till the whirl ceafes, and the 

appearance terminates 

• 
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Whek obttife bodies move in elaftic fluids, they if 
condlnie that part towards which they move at 
the fame time that the part they recede from is 
rarefied. This condenfation or rarefaction mud 
produce an undulatory or vibrating motion in the 
fluid. Thus, if a body by percuffionor other wife 
be put into a tremulous motion, every vibration 
of the body will excite a wave in the air, which 
will proceed in fell directions fo as to form a hol- 
low fphere; and the quicker the vibrations of the 
body fucceed each other, the lefs will be the diftance 
between each fucceffive wave. The fenfation ex- o 
cued in the mind by means of thefc waves which 
enter the ear, and produce a like motion in 4 Jr thin 
membrane, ftretched obliquely acrofs the auditory 
paflage, is called found. But the term is fre- 
quently ufed to imply not only the fenfation excited 
in the mind, but likewife the afFe&ion of the air, or 
of the fonorous body by which that fenfation is pro- 
duced. Thus, we fay, that a found is in the air, 
or that a body founds when ftruck, though the 
affedion of the air or body is very different from 
the fenfation. 

That bodies ftiove or tremble when they produtfe * 
found, requires no particular proof: it is evident ift 
drums, bells, and other inftnittiehts* Whofc vibra- 
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tions being large and ftrong, are therefore more 
perceptible : and .it is equally clear, that a fimilar 
vibration is excited in the air, becaufe this vibration 
is communicated through the air to other bodies' 
that are adapted to vibrate in the fame manner : 
tVus, «,$!!&, Ms; M rhUfl'cal ft/ihgs, 
#ili ft&d fterefy !# die a'&on propagated ' frdni 
Sth'er fcu^rtl (xSives. , 

A ft fs cMiffied is $& 'by rMMfefccat rekfon- 
ftg from f&£ nat&e of an elaftic fiuid, «e cofrU 
pVcftdri Is hs %& ^^nr> a* from experiment, • that 
all ftiir& Wevtfr ktifoe 'k't Hie gar in equal time* 

* tefdMffg ftodfo eqfcato^rtbmt. This borfc 
rft^n vel&fty ft 1 14a En^lim - feet in a fecdhd of 

' time. ■ The ltfjb'wlfea'gfe df the velocity oF'found is 
of ufe tor detefmtrifag orifices 6F fe.ps, '6r other 
iobjedls : for inftance, Yui&ofe a &ip fires 'a gun, the 
fduiid of which Tshearcl *c ledonds after trie BaTh is 
leen; then, 1142 multiplied by c, gives the durance 
57 ioTeet, or i Eriglflh ifeile and 430 feet. 

s When the aerial waves meet with an bbftacld 
which is hard, kncl of a regular furTade, ihey ate 
reffe&ecl; and confequeptly, an ear plkced 1 in the 
courfc of theft fefle&ed waves will perceive a fbuncl 
fimilar to the original founcl, but which will feem 
%o proceed from a oody fituatecl in like pofition anci 
diftance behind the piaAe of>efle£lion as the real 
founding body is. before it. This reflected found is 
called an echo. 
1 t The waves of fourid being thus .'reffexiblc, nearly 
the . fame in e*ffe& as tKe Vays of 'light, may be 

#v dele&ed 
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&&#»£ « magnified bjf much tile ftme con- 
triva$$e* a* *** *fed Hi optics. From this pro* 
F17 ^ *cfle#ioft ¥ happen% that founds uttered . 
jq $ne fppus of an elliptic cavity «re heerd much 
SPgmfod to <& wber fecw; infoinees pf which are 
foqnd in fcverijj dpipes *nd vamIc particularly the 
whoring gfll^ty at S& Paul's, Cathedral in Loo* 
fl»0>;wfesre a #b8pf u u&e*c4 ar<»e fide of the domp 
js refte&ed to th? 9ther* and, may be very diftin#If 
hewd. - On this principle ttfo k eonftrofied tho 
gxftlriipg trumpet* which either is or ought to be 4 
hollow pambefic; conoid* having a perforation at the 
V9«P¥* to which the mouth is to be applied in 
freaking* or the car in hearing, 

I& addition to the {4wK«gflt we enjoy from the 
perception <tf fowuJi wheo the feofc ojf feeing can* 
not be employed* and in conveying our thoughts to 
e?ch other .by mean* of the afiociatioas formed be* 
tween words and ideas* we receive great pleafure 
from the combination of found known by the name 
of mafic. 

If a body be ftruck, and the vibrations excited v 
he all performed in equal times, the undulations 
produced in the air will be fo like wife, and a fimple 
and uniformly fimilar found will be produced, ex- 
cept w& Ipudoefs or intenfity* for, as the vibra- 
tion* grow lef$ ftrong, the found decays. But if the 
ytbrajdons excited he various, and diffimilar, a like 
variety of diffimilar undulations will be produced in 
the air; and the found muft be hartb, asiffeveral 
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founds were heard together. The firft of thele 
founds is a mufical tone, and the latter a noife. 

w This^ is confirmed by experience; for we find 
that thofe bodies which are the moll uniform* in 
their texture, and by confequence beft adapted to 
vibrate {imply and ifochronally, always produce the 
mod mufical tones ; as for example, mafies of elaf* 
tic metal, bfafs, eaft-iron, and the like. And this 
tone is' more ftri&ly 'mufical if the metal be fo 
formed as to vibrate in the fimpleft manner pof- 
fible. Thtis, a hollow metallic veflel or bell,* if it 
be well formed and not damaged in the tuning, 
will give but one uniform mufical tone, or at lead 
the tones produced'witl confift of one predominant 
or principal tone, and feveral others that have a 
pcrfeft mufical agreement with it. A wire of art 
uniform thicknefs, ftretchedover two hard bridges 
or fulcrtims, will produce the fame effeft. Mufical 
tones may be obtained by various means; but it 
will fufEciejitly anfwer our prefent purppfe to attend 
only to the fimpleft method wherein firings or wires 
are made ufe of. 

x Experience and reajbn have eftabliflhed the fol- 
lowing pofitions refpedihg the m vibrations of chords 
or firings. 

r The forces or weights which are neceflary to 
dfaw an extended chord ab (fig. 133) outof its 
place to the diftances cfey ; cf, ! eg, are dife<5Uy 
proportional to thofe diftances^ "provided the chord 
be not too much drawn afide. 
- ••--'•. There* 
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Therefore, finee the forces with which the chord 'z 
returns to its firft fituation, when fct at liberty, are 
styays in proportion to the (pace it ha* to paft 
*" through, the vibrations rouft all ; be performed in 
equal times, v 

r I£ chords differ only in thickntfi, the times of a 
their vibrations will be dire&ly as their diameters. . 

If chords differ only in tenfion, the times of i 
their vibrations Will be inverfely as the fquare roots 
of the weights by which they are ftretched. 

If chords differ only in length, the times of their c 
vibrations will be direftiy as their lengths. 

That tone produced by a firing that vibrates » 
quickly is termed acute or fliarp, when compared 
with the tone of a firing that vibrates flower :..?od 
the tone produced by the latter is called grave or 
flat, .when compared with that of the former. 

If two chords be ft ruck, either at the, fame inftant b 
or in intermediate fucceffion, the coincidence of (bund 
is pleafing or difpleafing, accordingly as the two 
tones produced ftand related to , each other in gra- 
vity or acutenefs : if they be fo related as to afford 
pleafure, the coincidence is called a concord, but^f 
not, it is termed a difcord. , . r 

A fct of tones which follow each other, and afford f 
pleafure, is called melody ; a fet of cotemporary 
tones which afford pleafure, is called harmony. ' 

The more frequently the vibrations of two chords o 
coincide with each other the perfe&er the concord 
will be 5 thus, two equaj,ftrings, equally ftretched, 
will each giv ctf he fame tone ; the vibrations of the one 
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feffl coincide WW* tbofc of the other, and khe '<fln- 
cord wffl lib **ft £erfcft». again, cftoftriogJ, differs 
tag only k leftgt4i>) ific due toeing fatf the tengfli 
of the other, will Kibfom tbe one- twice while the 
other vibrates once, the coincidence witybe at every 
fecond vibmtiott of the ftiort«jf 'ftriag, and % «bdbbrd 
will be produced, bat Wk |terfc&« if the filings Ue 
In length »i to 3, the eotaofeiendt swill be kCsfrc- 
qWeflt, naJ6**r> at the third ^Mek>ttGf«ne Aortrfr 
firing* ai^^43diK»^-«in(te^^^perfecH and 
lb forth. /■'''■•" 

Bythehdp dftheTe prtneSptes ill flriagad i»- 
ftrunents We lebflibticTiei j tftat fcrie* -of «tuGcal 
tones betog4efeattd, which es^rienoe has&tivro 
to be beft adipttd fbr^be ^rpofoVof naekxiyand 
harmony. tThe-feries'is «fcBetf the «KatDnic fcrfe, 
and its f)Mper&s, <toge«her with the names «f the 
ttfoes, may 1 be feeWki die JbUbwifig Scheme : 

Unifon, or fm-1 



^ * 



damental 
Second 
Utird greater 
Fourth • - 
Mfth - - • * 

* 

Sfcfli "greater . 
Seventh greater 
Oftave - • - 



f 



to 

4 
3 
S 

2 



I M6ft f perfe&conc6rd, 

9 Diftord. 

4 Itttp^rftft cohcorfli 
3 IropcriWb concord, 
a ^Petfeft cbncorii 
j Ithperfefi: concords 
J 8 ftifcord, 
1 Perfe£t concord. 



The above is called flie lharp lfef ies, in cotrtra- 
diftinftion to the flat ferifcs, or feale, wherein the 
third, fixih, and feventh are lefs or flat, being m 
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the ratios of 6 : 5, 8 : 5, and 9 : 5. There are 
likewife other intermediate tones ufed in practice, 
as the fecond lefs, aiyi fovytlj gjgaty , whofe lengths 
are as 16 : 15, and 7:5. All thefe are found 
in t>ie conftru^ion of inftruments: that by their 
itwahs the performer may place his fundamental, or 
ptlndpiT note; on any of the tones a* plcafure> and 
ufe the other tones which (land in the above rela- 
lions to it; fuch being found foffi&ently rtear tor • 
pra&ice* though not (b perfc&ly accurate as in the 
feries the inftrum4nt 'i* formed for. " 

The flotation of mufic, andthe relations of diffe T l 
Wttt fcales .to each other, together r vrith ihe other 
particulars oh jvhich rile rOle*' for e^DmpQfirion 
^nd accompaniment depend, require too. copipui 

an explanation to-hi adto&ed in this plaft*. 1 
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A DESCRIPTION OF VARIQUS INSTRUMENTS, CON* 

SIS TING CHIEFLY OF SUCH AS DEPEND ON THE 

; PROPERTIES OF THX AIR FOR THEIR EFFECTS, 

M Thb merqury in the Torricellian tulje ftaqds 
at .« the height, of about thirty inches, by mean? 
of the pre dure of .the airj and in confidering the 

w phenomena of winds, we have fcen that this pref- 
fore is not eveiy where- s^ike, «qr always the fame 
^t any particular place, Ji) confequence of this it 
happens, that the mercury in the Torricellian tube 
does not preferye the fepe invariable altitude ; for, 
when the air at any place is denfe, the mercury 
(lands at a greater height than when it becomes 
lighter (32, b): thus the tube becomes an in- 
ftrument to indicate the varying weight of the 
atmosphere, and .when fixed in a proper frame 
with graduations to meafure the altitude of the N 
mercery, is known by the . name of the barometer, 
The variations are between the altitudes of 274. 
and 304- inches. 

jr The heights of two barometers cannot be com- 
pared together with any exa&nefs, unlefs they be 
both conftru&ed in the beft manner. The fpecific 
gravity of the included mercury ought to be accu- 
rately found ; and it is neceffary to boil it iq' the 
tube, for the purpofe of effectually excluding the 
air and moifturc from within. If the furface of the 

mercu7 ; { 
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mercury cxpofcd' to the air be larger than that in 
the tube/ and this lad be lefs than half an inch 
in, diameter, the mercury Will not rife to its full 
it. This difference ought to be known, and 
allowed for between different barometers. 

The in§rument f (jig. 13 1,) is ufed under the o 
namfe of the marine barometer, it being ufeful at fea 9 
where the common barometer is of little fcrvice, on 
account of the flup*$ motion, which caufes the mer- 
airy to librate up and down in the tube. But as 
this barometer is fubjeft to alteration, on account 

* * TIT T *"* ry* - 

$>f (icj5 and cold, as well as op account of change 
in v th£ weight of the air; and the diftinguifhing 
the effects of each is attended with fome Iitde trou- 
ble, it is not much in ufe on lhore. 

A ' \ x * 

, There are many contrivances for enlarging the r 
.drnfans on the barometer, fuch as inclining the 
,tube, and the likes but -they are* all fubjeft to in* 
Conveniences, on account of friftion,- which the 

* ' Li 

upright barometer is free from, 

„ An inftrument fimilar to the marine barometer <* 

was,- formerly mfKte ufe of to indicate ' the varying 

temperature of the weather, For the marine baro- 
^ meter is alfo a thermometer, and ifs. variations being 
jhus Occa0oi£d fcy ' two caufes, prevent its beigg 

ppplied to either piifpofe. The thermometer, or in- 
vftrujnent uftct to exhibit degrees of "heat and cold, is 
. therefore conftrufted by the ufe of other fluids. 

The property of expanfion by heat not being r 

peculiar to air, but common to all bodies, we are at 

liberty 
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liberty t»j*opfc my&Mtem ^"WJS If J^tJ&S; 

Sapmeter. Jn thip fifoiqB- ft ' I? •?$$£& $$ 
frjdy made ufcoif fljoqW be fuck.itliat it? <^o» 
TOyr pc *he effecT: ,of heat alone,, jfytt ijiey n}a^.;b^ 
eafily and „cprre£yy meafu^ _anctth>t *n£ Jbody; 

■-. mY& Sapage of performing ib office Jn. teppe- 
TAWJP? ^ery.dfttanj: from each other. A?thej>ref- 
fure of the at,mpfphere is not cqnfiderable enough f tb • 
sGfc'r j;he djmenfipns of denfe bpfys 'jn*an£ Jen- 
JibV^cgrse, ,it -js^ajn^ ;hdr moons' ^wfa 
jndlc^e ,$e $$& of ^eaf^lane,; arid' £cWe r 
gueAtlv,tl>evWft be ver^^rope^.^of; the^ marjjer 
ofi^rmoipeter&j but tKefc mut^uoii? being very 
TmaU in proportion to tfie whole pulkywftd bodies 
mud: be inconvenient for -,the pi^rpofe, on .ac.co'tynjc 
of the great length required to make them percep- 
tible : bur, in fluids, by means of proper velfefc, it 
will te eafy to render" the lcalf klteratiin Vifibief 
for if ttys ncck^ffcm of any glafs-Veffel be veiy 
ftnali in proportion to tfa^e contents ' df the bulb or 
bottle, tfre leaft exnanfion pf tKe^ihcliidea 'wJu&r 

s will occafipn a vifible rife iti the, heck. Thus, a b 




ous bodies, is Ihewxi by a rife or fall of the ton 
/ace ( in the tiib|ej> fhe quantity of which is indicated 
t |>Y Aejcale.jib, affixed to the fntae of the jflftru* 

. Quick- 



<Jg^kfllvw k.tb« btft< fluid % *h<rFm«motp«, t 
tasttife it 4s *« /ub£e$ie|tlwt# «fo^ its «*pftn£* 
biUt}*. or tp&tl ifc*.*ub«,: *Hd <gt»fl». bfri&s a vac? 

in firitam is graduate* icdtedio^ to the fcale <*f 
th«3CBkhtt»tcd Jaiscah^iiu Thwc are iSo-dipifians 
or Stgrecs hctwsoi* the freezing mi betting iwcr 
pohrts* *he £eeziog; point toeing rocko#fd #*°. 
abmte o» or ferx:anfrm«ncbwntrf Jthcifcdc*. The 
degrees arc counted both vpwir& *ftd downwattk 
fnnp&» dL good . Acrmomtacr nawft ,po(fefc -the - 
ib&owiflgifto^ befcter* 

mt tictei^Adlcd^ c^d Jfacocnipty 4p%ce ikow the 
qukkfilvAr ' nauft cewteia ?p rawr^ or ( nt meft v«y 
Jittfc. TJw ci«ci^ftriiicci*foflaB»n^ fry holding 
theciqflnttttcitt wkk the riM upptfmoft; in **hieh 
fityafcradic areata^ us to 

fli *iiciwhtde< dapacby of tfeiube. 3Tb* <oate jnuft 
tfc srtdl adjufted, gad divided. MEdriing to <hc 
InpiebjDqf flee tube. Ijo apscrnt itbts> Jot the tb*j> 
loometrr tetak«nrfrotoiti?fca^.iaadi had ip 6»w» 
tir pouaticd iac, 30ft. bdginEdqg^tom fab: it 0x>g!d 
be barred: ooaxljra^lii^i) as the Tfrwziog point, m 
&&** tofupptffed id lie. Wiicndic^ mercury ioGDnies 
ftktkmary,:tna^k tfcfc aubejwWi the edge of a knife 
atffctfeic^ftands, or, if |th«re be a «tttfk< ready rnqfe 
<tt there .^mtnott^ U/ obftrve whether Jfaccuratty 



mwrVfarf^ prinoi^lly >Mfe<i ^ ^hp f r^^Ji, begins 
*t the freezing ; _poiat, apd^rocmb .both .ways ixom Q. From 
freezing to boiling water 11 86 degrees. 

■ ' agrees 
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agrees with the furfece bftht merMiy/iflt <&$, 
the freezing point & wellfetded. Wrap now 4e veraf 
folds of linen rags or flannel found the tube of the 
thermometer nearly as high as the fuppofed boil- 
ing pointy hold the ball of die>thermometer in the 
afcending current of boiling : rain- water ab'vbtzwb 
or three inches beloto the for face; ;pour boiling 
water 6n the rags three or; four tirties> -Waiting a 
few feconds between each time, and watt {omc 
feconds-after the laft time of pouring on water be- 
fore the boiling point is marked on the tube, in 
order that ■* the water , may Recover its felt ftrcngth 
of J boiling, - which is corifidcrsbly checked by 
pouring on the boilingi watefcr. This laft expetip 
ment muft be mdde when the 1 isarometeir ftandsat 
29. 8 inches. The adjiuftm«k xif the fixed points 
being thu&'afcertained, fiftfen't^e thermometer again 
to its fcale; and agitate it' lb as^ta break or divide 
the thread -of mercury in &etuhe^f:J3i)r: varioufly, 
inclining 'the . inftrumeqtothe feparated <p0{tiofcq4sf 
mercury may be made to reft' in ^di&renti parts; (rf 
the tube, arid its. lengths : obftrvcd on it he foilc-j ilf 
its length in every part of the tuber correfponds $6 
the fame number of degrees>' the fcale** is! ftd\ 
divided. This laft objeft 1 is dby no me^ns,, tdjJbi 
negletfled.: for.it feldom. happens th# the diameters 
*>f thermotnetfrrtub^. are , fuJReieotly . 1 sgpht: to 
admit of a fcale divided into equal parts. Such 
a fcale will ufually produce an error of upw&ds 
of a degree near the temperature of iao°> though 

•""'*■ the 
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the fifced* poind be ever fo YfcH fettled ; And in 
Ibmc inftances the ^rror may even amount to four 
cr five- degrees. 

5 Thermometers with fmall bulbs, and tubes in u 
proportion, are the moft ufefpl. For a large vo- 
lume of mercury retqujres a Cohfiderable time to be 
either heated or cooled, and if it be immerfed in 
any liquid, it will change jthc temperature' of the 
liquid much more than a fmaller inftrument would 
have done, and confequently is lefa adapted to/ 
fhew the temperature of the liquid at the time of 
its immerfion. If the fcale of a thermometer be 
of a' dark colour, and the thread of mercury fmall, 
its ftation will be rendered more dilcernible by flip- 
ping a piece of white paper behind the tube. 

The preiTure of the atmofphere on the outfide of v 
a thermometer nqj being countera&ed by the fpring 
of any included air, is exerted in diminishing ' the 
fize of the bulb, and fuftains the mercury fomc- 

what higher than it would ftand, merely by reafon 

• » . r 

of its 'temperature. This is proved by breaking 
off the fealed end of the tube ; in confequence of 
which the mcflcufy immediately falls. This quan- ■ 
tity varies with the weight of -the atmofphere, but 
the quantity of the variation can feldom amount to 
more than the tenth part of a degree. Thermome- 
ters with fpherica! bulbs are lef$ afted on by. the 
weight of the atmosphere than^others. - 

If the bent tube ced (fig. 13 5 y be fiUed with w 
water, and the (barter leg b c immerfed in the 
water contained in the veficl a b, the water will 
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*H low efot.at thctptwr+pt arf Ac v<fl# willbe 
emptied, For the praflt»r* tfct (uppity** the watar 
in the kg c e is equal to the weigh* of the 4(019* 
fphcre, and is coKMtig&ed by the wight of the 
column i c, and tht ptctflijte tfrtt fiipp«rt$ the wai*f 
in the leg db b tte Am* weight, but coun$era&*4 
by the column, e p. And » aois linger tba* s?, 
the prcflure of the atmofphese 09 o wili he lefi 
fffe&uai than tha|: oa c; confequendy the whole 
jnafs of water in the tube will move towards th$ 
orifice d> receding from the greater preffure, ThH 
instrument is called a fyphon, and is fametimes ufecj 
to draw liquor* out of calks that ace fo placed as 
not conveniently to be moved. 

A vtry probable account of tfee cawfe of intermit- 
ting Springs may be given on the principle of the 
fyphon. For, let o f c (fig. 136) reprefent a ca- 
vity or receptacle in the bowels of a mountain 
from the bottom of which c, proceeds the irregular 
cavity or fyphon 0*0: then, if by fpriog? or 
onhcrwHe the receptacle begin to $H, -the water 
will at the fame time rife in the kg c a of the 
fyphon till it has attained the horizontal kvdnn: 
when kwill begin to flow out by means of the 
leg e d, and will continue to increafe in the quan* 
tity dtfcharged, as che water riAra itiU higher til) 
at Jength the fyphon will emit * foil ftream, and by 
that means empty the fcocptacie. At /this jseriod 
the ffrcam will ceafc, till the receptacle J>CH>g again 
fitted, will again exhibit {he /ftgi&appeafiHite. And 
thefe periodical returns ,af flood a«d option wijl 
. - • be 
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fa tfgd&ti if the fllK%6f the rHerVoir be lot but 
fee* l«tei4af of the" returns mUft depeho* o* die 
itln^ieYrn'oni of At apparatus, and- die quantity of 
tfsrfer ftitrtirtied by the iprings. 
" The a&ioli o( chut very ofcfol inftromeijt the y 
common pump, depends on the preflure of the atmo* 
lp%re; ft cbntlfts of it pipe 6 o (fig. 137) whofe 
tetter* £114 C U ithnierfed to water t at b is fixed a 
valve o'peftihg tipwafds, and in tirt fupmor part 
6f 'the tflbe is Worked a piftoa a, fitted very dofely 
In. me pipe by means of leather. In this alio is ft 
vatvfi opening upwards. *N6w, if the part above s 
be riHed with water, to render the whole air-tight, 
the ptfton A being thf uft down to B, and afterwards 
railed, wiy leave a vacuum <5r void fpace between 
« and a, into which the air' contained in the lower 
fjartof the pipe c b, Willefcpaftd itfelf. The fpring 
of this atr feeing thus weakened by the expamlon, 
will h6 longer counterpo'rfe the efted of the pteflure ♦ 
"df tne atmofphete, and the Water will rife in die tube 
Vfll the tquihbfiutn is reftored. By deprdTing the - 
piftb'n a, the valve B is fullered to dofe, and a part 
of the air between the valve and pifton efcapel 
through a. After a few ftrokes the whole of the 
Included air is extracted, the water riles through the 
valVe b, and Is. difcharged by the pifton a. This 
' operation may be continued at pleafure. But if z 
the height b c l>e more than 34 fret, the water 
will not rife to the valve j for a jcolumn of frefh 
Water of that length being equal to the -weight of 
the atmoipberej it can be raifed no higher l>y that 

-* weight. 
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weighty Thy* it happens for the fame reafon that ikt 
mercury irt the barometer never rifes beyond' 4 
certain .height) and if a pump, finiihed with the 
utmoft exa&hefs on the principle here defcribed, 
be made to work in mercury, it will not raife it 
beyond ( that height. 

a The fire- engine a£h by means of the weight 
and elafticity of the air. For it is compofed of 
|wo barrels, e and d, (fig. 138) in each of which 
a folid pifton or plunger is worked by means of a 
double lever. Thefe barrels communicate with 
die water by a pipe, not exprefled in the figure : 
they alio communicate with the ftrong cylinder or 
veffcl cc, by the pipes l and t. At m and k in 
the barrels are valves opening upwards, and at z, 
and t art valves which open towards the cylinder* 
In the figure, the pifton in d being raifed, the 
water rufiies in at k, while that in £ being de- 
prefled, forces its contents into the cylinder 
through the valve t. At the next ftroke the barrel 
£ raifes the water, while the contents of the barrel 
d are forced into the cylinder: and thus the alter- 
nate aft ions of raifing and forcing may be conti- 
• nped at pleafure. Now, the water being forced 
into the cylinder, comprcfles the air contained 
within into a fmall (pace; and this air reading. on 
the water, drives it in a continual ftream through , 
the pipe p o qjr, which may be dire&ed as neceflfity 
(hall require* 

b The great force of comprefled air is (hewn by 
many experiments, particularly in the performance 

of 
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•f the' \y tnd-gun. Fi£. *3 9, repreferits i feflion of 
this iriftrument. ak. is the barrel, containing a 
baA at-K. This barrelis contained \&hiri another 
larger tiiBe cdke, and in the intermedin caVit)J 
the air is comprefled and k*p£ if k irf'af cylirfdri- 
cal ciavity in : the ftock or butt end of thi jiiece,' in 
which a pifton works, for the ptrfpofe deforcing 
the air into the beforec-rheotioned cavity;- The 'air - 
is prevented from returning by the fljot ^r" v&*€ 
p, which is opened by the air, sfc % fc ^fcttied in, v 
bi% af other times, is kept (hut by the <4pring df 
S& Included Air. At l is placed another vdve£ 
preffed cibfe by means of a fpring on the orifice of 
the barrel, to prevent the air from efcapirig. X 
wire paffing through a hole, rendered air-tight by 
wet and greafy leather, is affixed to this valve; 
and appears afterwards at o, in the form of a trig- 
ger* When the trigger is drawn 7 back, the Valve 
l opens, and the air rufhing out, drives the ball 
with a force that feems not much Ifefi than if if 
Were difcharged from a mufquet. 

A variety of curiotis and pleafing fountains rttftf c 
be formed by the help of the properties of the air 
combined with hydroftatical principles. The fol- 
lowing is one of the fimpleft. abcd (fig. 140) is a 
copper veffcl, near two thirds filled with water : at 
m is (brewed in the tube ig, thejun&iori being 
made air-tight by means of wet and greafy leather, 
and in the upper part of the tube is fixed a ftop- 
cock'Hw The flop-cock being opened, a forcing 
fyringe is fcrewed on at 1, and a great quantity of 

You II. G air 
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etr iAJg&r& whence the air it the cavkjr a bf * 
lacing very jauqh cond*n(ed 4 prcfics on the furfcoi 

?f the iitftoded water- The flop-cock being, then 
$1% ffcifFifigp is removed* and an adjutage 
(crowd w in jes place* through wbfc#, if the 
ftpp*co$k t» *gm opened* jhe water witt fpoyt 
ferth ^Ub gFeat viotencc- 

Fig. 141*1* a drawing pf a very ingemoys four*- 
taiiH what* eoaftnj&icwfcwUl be better underftood 
from thcjc#i<3d **bib»t*4: imfig. 14a- ac k an 
Ww4j^|, r <W veflil a * and t u are refcrvoir^ for 
W5*0*r; ^Hf^ of which is, divided into two-by tbo 
pamtiom v * and x y. The tube & f pafik? ihroug^ 
without comipyaicatiflg with the upper refcrvoifi 
aed fcryc$ toiconvey water from the baton b g to 
(he pert T * * of the lower itefawi?. The tube o x 

foot)* at somfflunic#ion between the part t x y of 
the lowfR, and * vi of the upper refervoir. The 
tube ix forms a cofluftonkation between, the part 
* ri . of the upper, and v x v oS the lower referyw. 
And the tube m l farm* a communication between 
the part y x n ef the lowe* , gad * v s of the upper 
rtfervoif. Laftly, there are openings at a w p <^ to 
All or evacuate the reftrvo^ and an adjutage pipe 
» 1 ccmnumtcaang with the part 1 v s. The itfode 
of a&ioo is this: water bekig poured into tbe up- 
per cefervoir by the openings o and n, the foua- 
fain k fet upright, the openings bqmg previously 
ctefed, and alfe the adjutage t>< The bafon b c 
muft then, have waetr pouwd into it, till it ceaies 
to rua dawn the pipe £ jv In this ft*te the 

3 , fountain 



rttoy be faid eo be obliged* Fpr Ifce 
Wdt«r:.il^t ha* paffed down i* cwfenfor tiftik 

in tfie pafrt t xy> and stfft in| the fapeiw* j*r», 
***>$* means of t|ie frbe } oi €»wvntmniv* oh» 
I» tfc*jtjwn$ fnyrogr $e yw^jr f*fle% from $* up* 
per wferyoir do#n ffa.ttfc ** »t0hjfce,*tflcf 
lpw^r par? v * $ 3 ac4 cpmdttifc* ffaaiff |hft!* <p w*U 
as in the of her upf*r pijrt, v i s t by tieajis of dfe 
pip?- o$ comiwmoaiiftp **a> . Xhe-wtef in tte 
^pper jhintv^^ is thttefoteprefid by aiircoridcdM 
by the we^ht o£ tbd cohaMLJKy and alforrf.tfo 
column £ f, becaufe i k is in effedt prcflcd by fetal 
lift. Open die adjutage o* aid the .water will 
iffue out and rife (leva.) jo nearly A* kttighf 
of both: the Column* r* umdrr jd/tagafai^ : ^M 
wattt in both thdfe column* mi^ chjfeortd, but at 
the tbbe *f is {applied* by jhe Whig jtr tkat jfr 
iucsjout of the ckanjbeMt ra> irbife the tobe I joik 
fuppllcd by the water* &on**hc* chmfcbcr? »fc i % tht 
ftuntain will comirtuc w pjay ttil the appbr? dhmi* 
hers vis and a r rhawjrclpe<ftii*ly emptied ifteai* 
ictaca into the lotfer chambers ?xv andYgu* * 
r.ilHi many mccbautesfc engines, wjicm thd fane* * 
of an $fe(tta fluid w ffqtaircd* : the .Maori of ibatiing 
H>a*er is made ofe^ b^batife it is fafiigr Attained^ 
i*: prtd%icmajr fi^ftifij: and pay be qnitkly d»i 
pt ived of its eUflkkf . 

The firft engine we hterte any aocoant of, ifer F 

jfaifing wattfr by the forcd of Heam> was coftftrodwl 

about a century ago upon lint principle? of tte 

fig&rc, (fig. 143) wbtte h itprefeaar * capper 
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boiler placed ori' a faitoaecJ e is arftroflgf itor* 
veffd coftimoificatihg with ^tHc boiler by Jtt^al« : «f 
a p^e-at-top, "aftd- w&te tte-niaih 'Jriffc'-usi* b^ 
mtansdfa'pl^^i it b§ttoifr. ^ ir b i^tte' 'h16 Jn fJ^ 
imttifl^d*in>theW«fcr«t'Bi -e> and c ar^tWc^fikfel 
valves, '*bbth-»o^emiig upwards, one being placed 
above* and th^othfer bti&W> -ihb pipe of -eqm«itt-i 
flicbtten^ftr/vLaftly,2 arG^&qa.'toSk that^lfef^eSioC- 
<»fioflilly»teww^ and cbttl l**-veffel s, by* >wSte< 
fititoiitammn JpJpc, f nd< r it a cock- iFi>*be pipe 
ofiicfbfmdllinibatioa l between the veffel b^ arrd> the 
boHerwl b^ ^tu -P^V- . « ^ ••-. : -^ - . ■ \mi 
g ]; The^eogiiie iiiict to work, by' ftIfing;tKe cop* 
pe« im paito wjtfoweter, gndalfp the upper. : part l of 
tbet maiftr^>ig(6iabove: the vttae. *v the fire, in J the 
famatfe ' fcttirtgn Hghted at: Jthe Jkirie mat. .'; IBJiea ' 
thei /rtratari t^iUiftroilglx,, the cock f isopentd, the 
Heam ru(hes iintto i die veffeL e, and expels the ail* 
fh)mi thence (through thes wilvec. The veffel i 
dws fillcd^andivioTamly heatsd by the fteam;'« 
fttddenly cqokd by the water which falls on it upon 
' turning ther cock G, thcJcock- r being* at the fame 
:i timet fcikt, tto^reyent any freth^ acceffion of (team 
jfrom the boiler- In confluence of this, the foam 
in.E btcaming condenfod, leaves the cavity with- 
in alrrioft i^tirdjr *actioiksj theJprefiure ofudie.at- 
xnofphere at b, therefore, forces-the water* through 
the Valve irtiil.the veffel e is nearly filled. The 
condenfiag cock g is then Iktt, and the (team 
cock F'agpin opened; the ftpam rufliing into e, 
expels the water through the valye c, as it before 
- ' ' - did 
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did the air, * Thus x becomes again filled wkh hoc 
ftgan$ which is again .cooled and condeftfed. by the 
waftr .from o, the fupply of fteam beings cut off 
/by Shutting f, as in the former operation: the waf* 
«ter consequently ruflies through d, by the preffure 
of ithe atmofphere. at b» and % is again filled. This 
water is forced up the main pipe through q, by 
opening f and (hutting #, as before. It is ctfy 
to conceive, that by th|s alternate opening and 

m 

fhutting the cocks, water will be continually 
raifedj as long as the boiler cpntiqucs to Supply 
the fteam* '-< : : 

For the : ftkft of p&dpicuity, the drawing is di- h 
veftcd of the apparatus that ferves to turn the two 
cocks at once, and of the contrivances for filling 
the copper to the. proper quantity. The engines 
of this confttuition were ufually made to work 
with tyo receivers.far fteam veflels, one to receive 
the fteam, while the other was railing water by 
the condenfation. This inft rumen t has been fincc 

• improved, by admitting' the end of the condenfing 
pipe n: c into the veflel £, by which means the 
fteam is more fuddenly and effe&ually condenfed 
than^by ^ater on thq qutfide of the veffel. , 
The advantages of this engine are, that it may r 

' be erefted in almoft any fituation, requires but 
litde room, and is fubjedfc to very little friftion in 
its, pans: its difad vantages are, that great part of 
th$ fleam is condepfed, and lofes its fbr<?e upon 
CQfciQf>.mtQ cont^6t with tbe;water in .the yjtffkl e, 
and tfoat threat, jmd elafticity of the fteam snuft 
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be instated in proportion t5 Ae height flic water 
is ; required t<K be raiftd to. On both theft" ac* 
WuriB a targe ftrc is required, and the cqpjter thuft 
be wry ftro*g> nehen Che height 'te cSttfiaferible, 
otherwise there is danger of its burfting. The fbl-' 
lowing engine is much to tx* preferred w*reh the 
VOrk to be ddne is heavy, and fs fcfs chargeable 
itp&cl, beeauft it afts -by means of fteam whole 
dewfifp fo not much greater than that of the com- 
KiM air. 

In fig. 144, h reprefents the copper boiler on 
its furnace. £ is a cylindrical veffel of iron, m 
wtech ths pHlon 00 moves up and down; the 
edges of dw pifton being armed with <&akum and 
greafe, render the whole cavity between the pifton 
and the bfctfom of the cylinder air-right. f is a 
eock to admit fleam into the cylinder from the 
boiler, t k is a lever, attached to the pifton at 1, 
and at k to the pifton of a pump which wotfes 
on that fide, p a_ is a folid pifton moving in the 
pipe rm, and loaded with a heavy weight at p. 
a b c is the main pipe that teccives the water forced 
from rm through a valve* c opening outwards. 
n is an air-vefffel communicating, with the main 
pipe, tt is a valve opening upwards,- and at m 
is the water to be raited. 

In the drawing, the engine is rcprefented in the 
pofttioq It has at the end of a forcing ftrakrc; 
which is likewife its pofition When at reft. Sup- 
pofe the main pipe ab c to be filled with water, 
and the water in the copper h to boil ftrcto$y. 

The 
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The cock r being then opened, die fleam rallies 
into the. cylinder, and being much lighter than the 
air, riiei to the top, and expel* the air through a 
▼aire in the bottom of the cylinder. This being 
acoomplffhed, f is tout, and the cock o commu- 
nicating with the main pipe » opened, which imme- 
diately condenfes the fteam, by violendy (pouting 
cold water agaffift the bottom of the pifton. A 
vacuurti being thus obtained* the preffure of the 
atmofphere forces the pifton down to the bottom 
of the cylinder; the lever tie is moved of courfe, 
the pifton p q_ with its weight is raifed, and the 
water attends in the pipe M ft upon the principle 
of the common pump. The cdck "o being now 
fliut, andF opened, the Ream enteft the cylinder, 
and counteracts the prefibre of the atmofphere on 
the pifton oo, In confequence of this, the weight 
? prevails, and drives down the pifton a 0L> forcing 
the water through the valve c into the main pipe 
and tte^ir vcffel. The trie of die air veffel is to 
prevent the main pipe fromiiurfting by the Hidden 
entrance of the water; for the air at n bring 
elaftic, gives way to the ftroke, and its rea&ioft 
during the time of elevating the piftort * <^ con- 
tinues the motion of the water, fo that 'its velocity 
is no more than" half what it would have been if 
it had been impelled ' by ftafts, and retted during 
the railing of the pifton. By opening the cock O 
and. (hutting f, the fteam is ^gjiin ebndenled, the 
preflure of the atmofphere again prevails, and thus 
the work may be continued at plearare. ~ 

G 4 la 
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M In this drawing likewife, the mcchanifm is omit* 
ted, that ferves to open and (hut the cocks. This 
office is performed by a beam and ropes attached 
to the lever ik, fb that die attendance required is 
very little more than is ncceflary to fupply the 
boiler with water, and to prevent the fire from 
going out. 
u v The chief advantage of this engine beyond the 
former M, that the prater may be forced <to K any 
height without - increafing the • force of the ft?**??* 
which never need be much greater than that of the 
atmofphere j and therefore the boiler is very Jittle 
endangered. The maximum of its power depends 
upon the area of the pifton. ooj for the larger 
the area, the greater the column of the atmofphere 
that prefles it, and confequently the heavier the 
weight p or counterpoife may be. If oo the pifton 
be 36 inches in. diameter, it will be prefled by a 
column of the atmofphere equal in weight to a 
column of mercury of that diameter, and 30 inches 
in height; that is to fay, almoft 7 ton. 
o But, . notwithftanding the great fkill and con- 
trivance dilplayed in this engine, it, is at prefenf 
almoft entirely fuperfeded by one of a much better 
conftrudtion, invented and perfected by NJcffrs. 
Watt and Boulton, of Birmingham.^ In their engine, 
/ inftead of the pifton o o being depreffed by means of 
the weight of the atmofphere, the fteam is thrown 
upon it, the upper part of the cylinder e being clofed, 
and the rod L.of the pifton, which isfmooth and 
polilhed, K being admitted through a . perforation, 

which 
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which is wadded (o as to be air-tight. The afoenc 
of the pifton is obtained by letting the (team out 
of the cylinder in*> ; a vefiel at a confideriUe di& 

tance, where it meets with, and is copdetafed by a 
jet of coW water; while a vacuum is conftandy 
maintained in the lower part of the cylinder by die 
action of the pump that carries* off tile injection 
water. The force of ft earn employed in this en r 
gine is ufually equal to one atmofphere and * 
quarter, and the whole apparatus is regularly 
worked by the principal lever i k. The advantages 
of this conftru&ion are, that by increafing the force 
of the (team the power of the engine may be in- 
creafed, without enlarging the diameter of the 
cylinder; and a lefs expence of (learn is required 
on account of the condenfation being performed at 
a diftance from the cylinder, which is not there- 
fore coated by the inje&ion of die cold water* 
'This laft circumftance .renders the engine capable 
of making a greater number of ftrokes in a mi- 
nute with a much lefs expence of fuel than the old 
engine* An fome of the lateft improved engines , 
the adtion of the fleam is rendered equal on the 
lever, by adapting the figure of the arch at its ex- 
tremity, fo that the lever is in eflr& rendered 
longer, towards the end of the ftroke, where the 
power of the ftream is weaker. 

The elafticity of the air affords a method of p 
determining the depth of the fea in places where 
a line cannot be ufed. Fig. 1 45, is a machine 
<pr tftrf purppjfe, . 4 reprefents A large ball of fir 

or 
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or other light #ood, vtfrafhed over, to prefcrvc 
* from, the- cle&s of the wafers b is a hollow 
gjafs vdfel* wbofc contents in fea water ate exaftty 
known i fiippofe* for inftance* two pounds: its 
neck c terminates in a fmall orifice, and is bene 
downward** to prevent the efcape of the included, 
air, When it is immerfed in water. At * is a 
Jpring-hook; which, if at liberty*, would ftand in 
the poficton e* but is preffed through a flit in the 
fiem at the bottom, and kept to its place by hook- 
ing on the weight d. The whole instrument thus 
prepared is fuffered to fink in the water. And 
the confequencc is, that as it finks, the prefiure 
of the water continually increafing, forces its way 
into the veficl, and condenfes the air contained 
within ; but when it arrives at the bottom, the 
weight d (taking firft^ is (topped, while the reft 
of the apparatus proceeds a little onwards* by pea* 
fon of its acquired velocity. The hook £ beings 
thus difengaged from the weight, flies back, and 
leaves it intirely, fo that the ball a is at liberty to 
rife again to the furface. From the quantity of 
water contained in b at its emergence, it is caly 
to determine the depth it has defcended to. For* 
flnce the denfity of air is as the compreffing weight, 
the bulk of the fame quantity of air, under dif- 
ferent preffures, muft be inversely as the weight* 
And experiment (hews, that the mean weight of 
the atmosphere is equal to about 3 2 feet of fea- 
water: therefore, at the depth of 32 feet* the af r 
included in the vefiel c will fuftain the preflure of 

two 
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WW atmofpheres, ' and" &>nfequcntly will be con- 
denfedinto half its former fpao*; at 64 feet depth 
it will fuftairi tfte pfcfrure of three atmofphercs, and 
be condenfcd into One rtiird of its flrft fpace, and 
fl> forth. Suppofe, for example, an empty ball, as 
above described, capable of holding two pounds 
troy of Tea* watejy were to defcend to an unknown 
depth in the fea, and at its return was (bund w 
contain fib. 1 1 oz. iS dwts. of water, it is re- 
quired to find the depth? Thfen; As tbeiulk the 
air was compreffed into* when «t the bottom of the 
fea, which is expreffecT by ft dwts; is to the buHr 
of the air before immerfioA, exproffed by a lb. So 
h the weight of the atmofphere, by which the air 
was comprefled before imraerfion, which is ex- 
preflfed by 32 feet of water, To the weight by 
which the air was comprefied when at the bottom 
of the fea, 3840 feet. From which dedudt 3* 
feet for the preflure of the atmpfphere, and the 
remainder, 3 808 feet, indicates the depth of the 
fea. 

This method is .fubjeft to two objections. The 
firft is, that probably th£ fpecific gravity of the 
fea may be different at different depths, and con* 
fcqufcndy the preffures may not be as the depths : 
the other is, that air in very great condehfatioAs 
does not; ft r icily follow the ratio of the prefliire, 
but reQfts in a greater degree. A carefcJ ferxes of 
experiments may however indicate the allowances 
neeeflary to be made on both accounts, and in 
frnall depths the inftrument is fufficiently accurate 
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on the principle already -laid down. If this ioftru- 
iBent were to be applied to mcafure confiderablc 
depths> the temperature of the fubmarine regions 
would require to be found and allowed for. 
b It is a welkknown faft, that an empty veflel* 
that is to fay, a veffd containing air, immerfed in 
water with the mouth downwards, will n$t be- 
come filled, becaufc the fpring of the air will pre- 
vent the water from entering, as may be eafily feeft 
by the help of a wine-glafs. The diving-bell is 
conftru&ed on this principle* It confifts of a large 
veffel, or kind of cafk, fo loaded with lead as to 
fink when empty* with the mouth downwards. In 
the top is fixed a cock to let out. the air, and a 
ftrong pane of glafs to afford light to the divers, 
who fit on a circular bench in the infide. This 
machine is lowered into the water about twelve 
feet at a time, and at each paufe air is lent down 
in finaller bells to the divers, and by them received 
into the cavity of the great bell, for the purpofe 
of expelling the water that enters . as the preffure 
condenfes the included air. After it has arrived 
at the bottom of the fea,' the operators continue 
by the fame means to replenish die air which be- 
comes foul by breathing, fuffering the impure air 
to efcapc by the cock in the upper part, as they 
receive frefh air by the barrels or fmall bells $ fo 
that by this contrivance they can remain under 
water as long as they pleafe. i 

s The air-balloon is of two kinds; the one in- 
tended to contain heated air, and the other in- 

7 flammable 
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ll^feAbte ai^or hycW)gfcn. * Hot a^oc^ie^tnbra 
lp&fc When cokfer ; (54, : g), and hyckdgefr is muck 
ligfci&ivat a ; ^dH^t£«p*raeutt ttia&iehe common 
*i*» of> the WtaAphrtK": Prom- tjiia it fdllows, 
ktffl Qaqy -fiuifi of-rfithcr heated or inflammable 
&l?;;?£'4ltrlibftty} < will afcend in the acmofphere 
•\WIh a ; M<k"'6fy buoy wcy~ equal to the differ- 
fett&£til«We<!n -ia&*5#rt> height and the weight *f 
k&n«qotarbi& of- ctftfimon air (9,b)*.; If -die 
fc&tid air w' the hydrogen be included itt a hag; 
arid ; tWw&g&t :• of the bag' be -Ids than th* dif* 
ffcf«fr£ jaftf mfcfitJoiil&r «he bag will be carried upt 
WstJds, >flia«iglv*ktt a fcfe degree of forcfe, namely 
-wife^lffdrceecfiial to the difference leflTened by the 
weight^bf the bag:* ^fhis is commonly Called ah 
air^Balfooii ; which, bought its figure -is -not eflen- 
tial fc 'its property *>fc#fcending, we- wilt fuppole 
tfr£e*Pglobfc. Iiither magnitude of a balloon be 
iflereaftd, its power tf vafeenfion, or the difference 
"begrtetf the ' weight 6f *he * included air '. and an 
eqi^lbulk of common air, mil 4*; augmented in 
the fame proportion ; that is to fay* in proportion 
-ft> the cabe-of its diameter. But the weight of 
the covering or bag will not be increafed in fo 
great a proportion. For its thicknefs Being fup~ 
pofed the lame, it is as die furface it covers, or 
only as the fquare of the diameter. This circum- 
ftance is the caufe why balloons cannot be made 
to afcend, if under a given magnitude, with cloth 
or materials of the fame thickneijs. 
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It confifts of *«v itfiiwnf^b^^f^^vafc^ ^^r 
riothr p^iftted (With a -foc9g^iiq<i>^t: maj^js^j 
its iiifficptibHijiy to tale fwotr! A .llfit cqv$$ 4}f 
Upper part of i& iwfacc^ \froto> tihigh pfio^ftji 
ropes, that fuftain a jgpHsry to /carry:tfc<t &dj^r^^^ 
and foeL { j The k>wer pirMfci affixed 4$ ihetffflr 
kry, -fed-open t* retake thoiftreasfls of ,he%tf4*fl4 
rafcrefied aii$ produced by rttftafis of jRre.miw^nfi^ 
inah; i*6n;ghi(te,:fi^ &fj£fc 

■brifioft, 1 The 4tfft inflation^ **he: haJ}oor> ?is £«£ 
&<Qte£ by :*p«*n* of a flrc m^de, La a proper agffeiftt 
tus oi> tbivgioVRc^^nd: g^ igttasbed gr*||e/fiFve$ 
only toi nj?RatoHi 4ke ftquffite degree of r^rffeo 
tiort, by furai&ing a fuppty qfrfejeated air, in the 
room of that which i^grad^y,,?9»denfed|iy coal- 
ing. Jt 1: ** ascertained froaii^^fkncntjt pha* :ffcc 

v -tarity titihe iair in tbefe machines depend fcWy 
ionics h^at tadit$ property tof cooling flowly i and 
it is likewife eftabkfiied with a considerable degree 
of certainty, thatt the weight of (he iitttaft4/<ur 
is at a medium* about two thirds of thr height 
: of an equal bulk of the air of the atroofphefq. 
This balloon is rkifrd dr lowered while in the at- 
mofphere* by incrcafing or dimmifhiag the fire. ; 

v Smalt balloons of thin paper, raifed oil this 
principle by the flame of a fponge, of bail of 
cotton dipped in ipirits of wine, have been exhi- 
bited in every part of Europe. 

w The hydrogen gas balloon> fig. i47> is pro- 
ferable to the other, in the prcfent early (late - of 

our 
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our knowledge. It o ofbaUy forincd of thin filk 
varriifhed oven When filled with hydrogen 
its tube of communication a is ufually ctofcrf, 
fo that the air is prevented from efcapuig, c The v 
adventurers are placed in a car or fmail vefiel i* 
attached to the balloon by ftringp, proceeding ftom 
a net that co vera its upper part. They carry bags 
of (and with them to :fcrve as bailaft, and the evA 
of the tube. of camcminkatnm, as well a* a firing 
that by putting roalp opbn a ealw in • the cop of the 
balloon, are continued dawn into the can By 
thctfe means thejg hme, for a limited time, the 
power of afcending or defending at ptaafure* 
For the power, erf afcenfioo is increrfed by emp- 
tying one or more fand*bags^ or dnnimfliod 
by fviiFering the hydrogen gas to cfcape either 
by the tube or through the valve* It may be ob-> 
fcrved, that the hydrogen ga$, oa account of its 
greater lightiiefs* will not de&e&d through the tube 
ef communication, unlefa, either by its Own ex* 
paofion from heat, or by the dimintfbed prcfiureof 
the , atmofphere at great heights it is made to 
efcape while the balloon h fully inflated; but it 
will ifluc from the upper valve, when open, in att - - 
circumftances whatever. .» 

The hydrogen gas produced in the large way, x 
by the effufion of diluted fulphuric acid 6n iron 
lhavings or turnings, is rather lcia than one fifth 
of the weight of an equal bulk of atmofpherical 
air. It is cftimated that a cubic inch of iron gives - 
d cubic foot of hydrogen gas, and the ftrong 

fulphuric 
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fclphuric acid, fold m London; 'requires tor* be di- 
luted by'fiv£:tinies its bulk of water, /oiixMs^ra* 
ptrinient, w. • .'> . ; - • *. u .-•: 

y &.»To give;at;pleafure a progreflive aiotkto tx>/mr< 
{jalloOns, lin any required direction, is a pmsfalefrs 
«f great importance in this newly difcav dred^JUfc 
<rf:penetrating: into, the fuperior regi(ins;T>f . the *£* 
Ihoiphere;.; Manjr\'wHd .and abfard* fthenies- >fbr 
this puspofdfcavc^hffen'ofleired xo^evcoriGdefation 
of: the c pohiic s rind . forne . thpt -have hien; carried 
into effefit hiyeifetived^only Ite' evince the ignorance 
or 1 the artful -quackery iof jheir ffooje&on. Little 

' however of real lvalue: has becriryet done- tpvitards 
accomplifliing this purpofe. - ~ Thte> grand difficulty 
of the attempt confifts in the large furfac£ of re- 
fiftance expofed. to the furroundtng fluid, which 
has hitherto been fudi, that the quantity of ait* 
required io^be- dtfplaced is fo great, that the > 
ftrertgth- of *th*-v&yagers cannot diiplace it with 
any considerable Velocity; that is to fay, when 
they fiave given * a fmall degree of velocity to the 
Ufachibe, the refinance ofc the air becomes fuch, 
that their whole ftrength will be employed in over- 

fc corning it, inftead of adding to the velocity. The 
principal objeft therefore muft . be, to conftruft 
. the balloon of fuch a figure as that it may move 
through the air without difplacing any confiderable 
quantity of it. As to the application of the ftrength, 
it may be done by a variety of methods. It is re- 
quired that it (hould be exerted on the air in the 
oppofite 'direction to that intended to be produced 
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mi the balloon, and as no mechanifm car before or 
create ftrength (i. ?3> a) the fimpkft machine wift 
be the beft, becaufe the lofs by fri&ion will then be 

The ufes to which machines of this kind may b& a 
applied are numerous, and will eafity occur to any 

' ingenious perfon. It tf ill "probably.be Jong before 
the experiment will be performed in a (efficiently 
cheap way to admit of its being applied to.the ordir 
nary purpofes of travellers. Its ufc on extraonfo 
\ nary occafions, for the conveyance of iqteBigericfc 
in military operations j for penetrating into . places 
inacceffible by other -means; or, for making phito- 
fophical obfervatipns on the fuperior regions of the 

, atmofphere, are fuffictently obvious. .We cannot, 
however, boaft of any addition having been made 
to the ftock of atmofpherical knowfcdge, though 
very many aerial voyages have been performed. 
The probable caufes of this are, that die balloons 
have feldom afcended above two miles high; that 
- the ndvehy and grandeur of the fcene beheld from 
a balloon has prevented a ftridfc attenttah to the 
phenomena that may^hpve prefemed. themfelves ; 
and more tfperially, that! ihoft of tbfc experiments 
were performed by ignorant and mercenary ichita- 

. tors, who have beeil much more deftrou* of 'taking 
the advantage of the fuf prize and credulity of the 
vulgar, than of making valuable abfervations, or 
relating them with fidelity. ? 

The invention of the htated air balloon % the 

undoubted right of the brothers* McfTrtL Stephen 

Vol.IL H arid 
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•iid Jfchn Mcmgolfiftr r >who mode the firft experi- 
ment at Avignon in November 178 a. The firft 
balloon »ifcdf;in the atmbfphere by means of;io- 
flammable air was conftrudled by public .fob* 
fcription, opened by M, F&uiyas St- Fond at 

fkrisJ: . Mcffra. Robots w^re appointed to conftruft 
the machine, and Mt£hflde»ito fqpeiawsfld. tb* 
work. Jit was launched from the Cfcajnp de M^r$ 
Auguft '«7» 17^3. The firft human beiag thftf 
efcen&d into the. ait by means of an air-balloon w$ 
^M, pihtre de Rozicr* He wrs afterwards ^cp,^- 
ptfniejd by M. Gironde de Vilette, and 9fter*#fd$ ty 
the Marquis d'Arlandea. The baltow ufe4, in 
theie~espei£ments rojfe by heated air, and was coa- 
.ftra£ked bf T John Mongolfier at Paris. It was pre- 
vented from e&aping by ropes. The firft a$ri$l 
voyage was performed with the fyjpe bgHopn £y 
M*~Riiatrp de Rosier and the Marquis cL'Arlandqs, 
who' palfed over the city of Paris N<)v^ber 2 : i, 
17S3. The firft aerial voyage with .^ ba}]|GM?n ^Ued 
: with unfladi tna&e air was made by Me^frs- Qwtes 
and -Robert from Paris December 1, 1783. T'hfiy 
. wcix carriedahoil t ^venty-fev^ft mites in, one bpur 
and three ^quarters. ..The great irariGy of inflam- 
mable air was fitft ^fcerttined (juj 176$) by Mf. 
Cavcndiflb> and the id^a of its application to ..tfre 
purpofe of floating a bag in the atmofphere was 
explained by Dr. Black in his k&ures next follow- 
ing that period. Several philofophers made attempts 
to carry this into effeft previous to June 1782* and 
Succeeded fo far as to inflate fopp- bubbles with 

inflam- 
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inflammable air, which rapidly afcended to the ceil-' 
ing of the room. But it is to the philosophic fpirit 
add liberality of our neighbours the French that wc 
are indebted for this experiment being completely 
performed in the large way, without whole encou*. 
ragement it might probably have Jong remained 
nothing more than a happy thought 9 . 

On the 14th of June, 1785, the intrepid and in* 
genious Pilatre de Rozier fell a vi&im to the new 
art in which he was the firft adventurer. He at- 
tempted to crofs the Britifli channel in company 
with a gentleman, whftfo-name was Romain. His 
balloon confided of two parts : the upper contained 
inflammable air, and the lower part was a balloon 
for heated air. By this ingenious addition it was 
expe&ed, that a power of afcending or defending 
at pleafure, without lofs either of ballaft or of in- 
flammable air, would have been obtained. When 
the unfortunate travellers were at the cftimate height 
of about fix thoufand toifes, the upper balloon took 
fire near the top, and burft. The apparatus imme- 
diately fell to the ground. Pilatre de Rozier firft 
came to the earth : no figns of Mfe were perceived * 
in him, but his companion is faid to have uttered 
an exclamation before he expired. 

This much lamented event is fuppofed to have 
arifcn either from the eleftricity of the clouds 
fetting fire to the ftream of inflammable air that 

* For a further account of this fybjeft, the Englifh reader 
may have recourfe to Gavallo's Hiftory and Practice of Aero- 
ftatlory 

Ha iffued 
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ifTued from the upper valve, or from the iofiam- 
iftable air that efcaped, forming a train of commu- 
tation between the upper balloon and the fire be- 
neath, which in 'its afcent was continually brought 
into the place before occupied by the balloon. 
This Uft opinion is rendered moft probable, from 
the agitation and apparent diftrds obferved in the 
travellers a fliort time before the cataftrophe. They 
had prudently lowered the ftove before Pilatre de 
Rozier opened the upper valve. The efflux of in- 
flammable air occafioned by this laft manoeuvre 
was probably the immediate caufe of their deftruo 
don*- 
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^ 6f the air-*ump and its uses. 

B The air-pump is one of the mod: ufeful of all 
philosophical inftruments, wtjofe a&ions depend 
oh the properties of the air. By the help of this 
machine, all that has been (hewn concerning the 

# weight and elafticity of the air, is demonftrated in 
the moft fimple and elegant manner* Its conftruc- 
tion is as follows : efgh (fig. 148) is a fquare ta- 
ble of wood, a a are too ftrong barrels or tubes 
of brafs* firmly retained in their pofition by the 
rpiece t t, which is prefled on them by fcrews o o, 
fixed on the tops of the brafs pillars k n. Theie 

barrels communicate with a cavity in the lower part 

■ 

* See the Courier de TEurope for July 1, 17S5. 

D. 
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d- At the bottom within each barrel is fixed a % 
valve, opening upwards, and in each a {niton works, 
having a valve likcwife opening upwards. The pif- 
tons are moved by a cog-wheel in the piece tt, turn- 
ed by the handle b, and whofe teeth catchln the racks 
of the piftons cc. PQjiis a circular brafs-plate, 
having near its center the orifice k of a concealed 
pipe, that communicates with the cavity; in the 
piece d at v is a fcrew that clofcs the orifice of an* 
other- pipe, for the purpofe of admitting the exter- 
nal air when required, lm is a glafs-receiver, 
out of which the air is to be exhaufted. It is placed 
on the plate p qji, firft covered with a wet fhcep- 
fkin, or fmeared with wax, to prevent the air 
from infinuating under the edge of the glafs. 

When the handle b is turned, one of the piftons c ' 
is raifed, and the other deprefied; a void fpace is 
confequently left between the raifed pifton and thfc 
lower valve in the correipondent barrel: {he air 
contained in the receiver l m, communicating with 
the barrel by the orifice k, immediately raifes the 
lower valve by its fpring, and expands into the 
void fpace; and thus a part of the air in the re- 
ceiver is extracted. The handle then being turned 
the contrary way, raifes the other pifton, and per- 
forms the fame a& in its correipondent barrel; 
while, in the mean time,- the firft mentioned pif- 
ton being deprefled, the air, by its fpring, clofes 
the lower valve, and, railing the valve in the 
pifton, makes its efcape. The motion of the 
handle being again reverfed, the firft barrel again ' 

Jij exhaufts 
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cxhaufts While the fecond ctffcharges the air in 

its turn : and thus, during the time the pump is 

.worked, one barrel exhaufts the air from the 

receiver, while the other difcharges it through the 
valve in its'pifton. 

D' Hence it is evident, that the vacuum in the 
receiver of the air-pump can never be perfed j 
that is, the air can never be entirely exhaufted: 
for it is the fpring of the air in the receiver that 
raifes the valve, and forces air into the barrel, and 
the barrel at each exfuftion can only take away a 
certain part of the remaining air, winch is in pro- 
portion to the quantity before the ftroke, as the 
capacity of the barrel is to that, of the barrel and 

receiver added into one fum, 

« 

jt This, however, is an imperfe&ion that is fel- 
dom, if ever, of any confequence in practice,/ be- 
caufc all air-pumps, at a certain period of the 
exhauftion, ceafe to aft, on account of their imper- 
fect conftru&ion. For the valves ufually coofift of 
a piece of oiled bladder tied over a hole, fo that 
the air is at liberty to pafs by lifting up the bladder, 
but cannot return again, and there will unavoidably 
be a froall fpace left between the lower valve and the 
pifton when down* Now, it will happen, when the 
air in the receiver is very rare, that its fpring will 
not be ftrong enough to overcome the adhefion of 
the bladder forming the • lower valve, which, con- 
fequently, wiH remain (hut, and the exhauftion 
cannot proceed. Or, before this period, it may 
happen, that the W between the valves when the 

pifton ' 
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pifton is up may be, fo imUll as to lie in the fpsice 
between tfce two valves when the pifton is down, 
without being fufiiciently co&dtnfed for its Spring to 
overcome the adhefion of the bladder forming the 
upper valve, 4nd the weight of the atmofphere that 
preflcs it: in this cafe the upper valve will remain 
(hut, and the exhauftion cannot proceed* In the 
beft air-pumps thefe imperfeftions are in a great 
degree removed. For the adhefion of the bladders 
is much diminifhed, and the adion of the air upon 
them increafed, by fobftituting a number of latgfe 
holes of paflage, inftead of one fmallcr. By cauf- 
ing the rod of the pifton to pafi through a collar 
of leathers, fcrewed to the upper part of the barrel* 
and placing another valve for the paflage of the 
extruded air, the preffure of the atmofphere is pre- 
vented from a&ing on the pifton, lb that the whole 
Ipfring of the atr between the pifton and lower valve 
is exerted in overcoming the refiftance afforded by 
the valve of the pifton. There are alio contrivance* 
for opening a communication between tha receiver 
and the barrel, without depending on the fpring 
of the air. One of the beft of thefe confifts in an 
additional jAbce that lifts the lower valve when a 
lever is preftcd With the foot: the lever com- 
municates with the interior piece by means of a 
rod that pafles through a collar of leathers at the 
lower end of the barfd*. The beft fort of air- 
pumps are uftially made with a (ingle barrel 

* This is the invention of one Haas, a workman in 

Londonr, who has taften odt a patentfor it. Other conffru&ioBS 
*re given in Nicholfon's Journal* by Cuthbcrtfon, Princey 
Mackenzie, Clare, &c, 

H 4 In 
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F In meafuring the exhauftion there arc two me- 
thods of proceeding. The.one (hews the denfity of 
the air left in the receiver, without regarding 
fuch vapours as niay affume an elaftic form in 
die vacuum: the other exhibits the fpring of the 
elaftic fluid in the receiver, without (hewing whe- 
ther it be permanently elaftic air. The quantity 
of air is (hewn by an inftrument called the pear- 
gage. It confifts of a glafs-veflel in the form of a 
pear, with graduations near its upper end, that 
denote certain known parts of its bulk. This is 
included in the receiver, together with a veflfel of 
mercury, into which its mouth may be bccafionally 
plunged. When the exhauftion is made, the pear- 
gage" is plunged into the mercury, and the external 
air admitted into the receiver. The mercury rifes 

* in the gage, and occupies the whole of its cavity, 
except a fpace at top, poilefled by a bubble of air, 
whofe magnitude is known from the graduations, 
and is in proportion to the whole contents of the 
gage, as. the quantity of air in the exhausted re* 
ceivcr is to an equal volume of the common 
atmpfpherical air. v 

g, This gage would be accurate for allpurpofes, if it 

were not that mod fluid or moift fubftances affume 

. an elaftic form when the preffurc of the atmofphere 

.is removed* For this reafon it teldom indicates the 

-Styfticity or adual preffurc of the fluid remaining in 

the receiver* The barometer gage is ufed for this 

purpofe. If a barometer be included beneath a 

receiver, the mercury will ftand at the fame height 
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as in the open air ; but when the receiver begins to 
be exhauftcd, the mercury will dgfcend, andrcft at * 
height which is in proportion to its former height 
as * the fpring of the remaining air is to its origi- 
nal fpring before the exhauftion. It is ufual to lay, 
the air is as many times rarer than the atmofpheir, 
as the column it fuftains is lefs than the height the 
mercury ftands at in a detached barometer. On 
accoupt of the inconvenience of including a barome- 
ter in a receiver* a tube of fix or eight inches length 
is filled with mercury, and inverted in the fame man* 
ner as the barometer. This being included, anfwen 
the fame purpofe, with no other difference than that 
the mercury does not begin to defcend till about 
three-fourths of the air is exhaufted. It is called 
die fliort barometer gage. Others place a tube* of 
a greater length than the barometer* with its lower 
end in a veflel of mercury, while its upper end com- 
municates with the receiver. Here the mercury" 
rifes as the exhauftion proceeds, and the preflbre of 
.the remaining air is {hewn by the difference be- 
tween its height and that of the barometer. This 
is called the long barometer gage. 

Thefe gages are not often conftru&ed fo as to h 
anfwer the purpofe of ihe wing the degree of ex- 
hauftion to a great degree. For the mercury, 
though at firft boiled, to clear it of the air and 
moifture that adhere to it, and render it fenfibiy 
. lighter, gradually becomes again contaminated by 
expofure to the air in the bafon of either gage* 
Jhey cannot therefore with ftri&nefs be compared 

with 
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with a gbod barometer in which this does not 
happen. If the tubes of the gages be lefs than 
half an inch in diameter, the mercury will be 
fenfibly repelled downwards, foas to require a 
corre&ion for the long gage when compared with 
a barometer, whofe tube is of a different bore, and 
to render the fliort gage ufelefs in great exhauf- 
tions. Thus, for example, if the fhort gage have 
a tube of one-tenth of an inch in diameter, the 
mercury will fall to the level of the bafon when 
the exhauftion is 1 50 times, and trill ftand below 
the level for all greater degrees of rarefadfcion. 
Thefe difficulties may all be removed, by making 
the Ihort gage in the form of an inverted fyphon, 
with one, leg open, and the other hermetically 
feakd. It muft be confeffed, however, that it fs 
not eafy to boil the mercury in thefe j and the me* 
thod of doing it with fuccefs cannot, with fufficient 
eoncifenefs, be defcribed here. 

Few air-pumps exhauft to fo great a degree as 
one thoufand times by the barometer gage j but the 
F*ar-gage in Ibme drcumftances will indicate an 
exhauftion of many thoufand times. 

Several 6f the ufes of the air-pump have already 
been mentioned. The weight of the air is (hewn 
by exhaufting it out of a botde (30, x) and its 
preffirfe is proved to be the caufc of the afcent of 
the mercury in the barometer, becaufe in the va- 
cuum it is no longer fuftained. It will be proper 
to fubjoin a few more inftanccs. . 

.7 " V 
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* ? If a fquare bottle, in whofe neck is fixed a valve, l 
opening outwards, be placed under the receiver* 
and the air exhaufted, the botde will be crulbed 
to pieces by the weight of the atmofphere when the 
air is permitted to return into the receiver. Fop 
the air is prevented from entering the botde by the 
valve, which, before the cxhauftion, fuftained the 
preffure of the atmofphere on its externa] ftrface, 
by means of the fpring of the included tir adting 
equally on the internal fuiface; but in this cperi- 
ment, beiitg deprived of its internal air, it is in* 

* capable of bearing the weight of the atmofphere* 
which prefles it on all fides. If the bottle were 
round inftead of fquare it would fuftain the preffure^ 

. notwithftanding the ,exhauftion, by reafon of its 
arched figure, that would prevent its giving way 
inwards. 

The quantity of this preffure on a given furface u 
is equal to the weight of a column of mercury, 
whofe bafe is the given fur&ce, and whofc height 
is the height of the mercury in the barometer 
(32, b). To exemplify and prove this by the air- 
pump, it is'ufual to indole in the receiver two 
brafs hemifpheres, as a and b (fig. 1 49), that fliut 
together like a box, and at the place of (hutting 
are lined with wetted leather. The air being 
exhaufted from the receiver, efcapes likewife from 
the cavity of the hemifpheres, and when it is per- 
mitted again to enter the receiver, the hemifpheres 
are fo clofely preffed together, that the air cannot 
enter at the place of jun&ioa ; they adhere toge- 
ther, 
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„ thcr, therefore, with a force equal to the preffurei 
of the atmofphAc, which is greater or lefs in pro- * 
pprtion to the area of the circle at the place of 
jun&ion. Thus, if the diameter of the circle where 
the hemifphcres are joined be fous inches, the force 
required to fisparate them mud exceed 2301b. 

troy. 
n - Since bodies immerfed in Quids lofe parts of 

their weights, which are equal to the weights of 
maffes of the fluids refpeftively equal in bulk to 
the bodies themfdves (8, z> a), it follows that 
bodies of diflFerent fpecific gravities, which are in 
equilibrio in the air, will not remain fo in vacua. 
For in vacuo each body will re- acquire the weight 
they lofe while in the air, and the body, whole bulk 
is greateft, will acquire the greateft weight. * Thus, 
if a piece of cork be in equilibrio with a -piece of 
lead, when weighed by fine fcales in the air, the 

* cork will preponderate in vacuo ; the removal of 
the air adding proportionally more to its weight, as 
its bulk exceeds that of the lead. 

o The ipring of the air may like wife be (hewn in k 
variety of manners by the afllftance of the air- 
pump. Suppofe a fmall tube to be inferted through 
the cork of a botde, half full of mercury, fo that 
the communication between the air included in the 
tipper part of the bottle and the external air lhall 
be entirely cut off, the end of the tube being im- 
merfed in the mercury. Let this apparatus be 
placed under the receiver, and the air exhauftecL 
The fpring of the included air then prefling on the 

furface 
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furfacc of the mercury, will force it into the tube, 
and fuftain it at the fame height nearly as it ftands 
in the barometer ; for the fpring of the air is equal 
to its weight ( 1. 2&> a), and confequently produces 
an equal effed: but on account of the imperfe&on 
of the vacuum, and tfie expanfion of the air in the 
bottle, by which ks fpring is weakened, the mer- 
cury-does r uot. rife exaftly as high as it does in the 
barometer. 

If a half blown bladder be placed in die receiver, p 
the included air will expand as the exhauftion 
proceeds, and will blow it up even to burfting. 
And if this bladder be inclofed in a box, whofe cover 
is loaded with weights fomewhat ids than equal to 
that of the atmofphere, the expanfion will raife the 
cover and fuftain the weights. Thus, if the Wad* 
der be inclofed in a box of fix inches diameter, it 
will raife the cover, though loaded with upwards 
of 500 lb. troy (32, b). 

The fpring of the air included in the larger pores Q^ 
or veffels of bodies, is the foundation of a num- 
ber of pleafirig and inftruftive experiments. Thus 
it is found, that wood is fpecifically lighter than 
water,* only by reafon of the fpring of the air in- - 
eluded in its veffels, that prevents the water from 
entering : for when this air is extracted, and the 
water, by % the admiffion of the external air into the 
receiver, is impelled into the veffels of the wood, 
it is always found to (ink to the bottom. 

The refractive power of the air is alfo (hewn by r 
the air-pump. For if the air be cxhauftcd out of 

a prifmatic 
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a prifmatic glafi^vefiel, the rays of light will not 
pais Araight through its fides, hut in paffing through 
the vacuuiA, will be defleded according to the 
eftabltfhed laws of optics. The proportions of the 
fines of the angles of incidence and refraction* out 
of the vacuum into the air, are by this means 
found to be as 100036 to 1 00000,. which is nearijp 
die feme rario as is deduced from the refractions 
of jhe heavenly bodies. 

s It is Kkcwife proved by the air-pump, that the 
air is the medium .x>f found. A bell or fmall 
alarm clock, being rung in the exhaufted receiver, 
gives no found; but if the air be admitted, the 
found gradually becomes louder and louder, till the 
air in the receiver be of the fame denfity with that 
of the atmosphere, at whicji time the fouad is no 
otherwife weakened than op account of the receiver 
that covers the bell* 

t The refiftance of the air is exhibited in a link- 
ing manner by the hdp of jhe air-pump; for, if a 
guinea and a feather be let fall together from the 
top of a tall exhaufted receiver, they both arrive at 
the bottom at the. fame inftant. ' 

u Aipong the very numerous inftances of the ufe- 
fulnefs of this inftrument, we (hall mention but twQ 
more ; namely, the difcovery of the abfolute necef- 
fity of air for the prefervajtion of life in moft ani- 
mals, and for the prddu&ion and continuance of 
flame. Moft animals, when included in the ex- 
haufted receiver, are obferved to die in about 
five minutes, though the time is various in different 

fpecies ; 
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fpecies ; and they moftly recover again, if the *ir be 
again admitted without being withheld too long. 
A lighted candle placed under the receiver, is ex- 
tinguifhed at the beginning of the rarefa&ion, and 
the fmoke* hovers about the top of the receiver; 
but when the air is ftill more rarefied, it becomes 
fpecificaJly heavier, and fubfides to the bottom. 
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CONCERNING HEAT. 



v Every change that can take place in bodies 
is effe&ed by means of motion. The bufinefs of 

i natural philofophy is to inveftigate the caufcs of the 
feveral motions, and the laws they follow. In many 
inftances thefe motions come under the' infpeftion of 
our fenfes, but for the moft part they are perform- 
ed among the minute parts of bodies, and are only 
known by the effefts they produce. The foregoing 
part of this work has been chiefly confined to the 
explanation of the former kind of motions, which 
may be denoted by the general term mechanics. 
The latter, namely, the cffefts produced by mo- 
tions among bodies too minute to affedt the fenfes 
individually, are the objedt of a fcience called 
chemiftry. 

u Heat is one of the mod important and general 
caufcs of change in bodies. This term is com- 
monly 
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monly ufed to denote as well the fcnfation caufed 
by an increafe of temperature in the human body 
as the ftate in which inanimate bodies are when 
their temperature is incrcafed. In the following 
pages, however, k will not be neceflary to attend to 
the fenfation. The word temperature will be ufed 
to denote the ftate of a given folid, fluid, or vapo- 
rous body, with refpe£t to heat ; and the word heat 
will be ufed to denote, the caufe of that ftate. 

A body is faid to be hot or cold accordingly as w 
its temperature is above or below a given ftandard. , 
The vulgar make ufe of the temperature of the 
human body as a ftandard for this purpofe. But 
this is by no means accurate enough for philofophi-, 
cal purpofes, becaufe the fenfations of no two per- 
fons agree, nor even thofe of the fame perfon at 
different times. 

The dimeniions of a body are always increafed x 
with the temperature, fo Jong as the body retains ' 
the ftate of folidity, fluidity, or vapour, it happens 
to poflefs, and has fuflFered no change either in the 
combination or quantity of its chemical principles. 
This is the chief, and, perhaps, the only general 
criterion by which the changes of temperature can 
be appreciated. 

Bodies in contaft, or that communicate with each y 
other, will all acquire one and the fame temperature, 
after a certain length of time, however different their 
refpeftive original temperatures may have been. 

There are two opinions concerning heat. Accord- % 
ing to one opiniQD, heat confifts in a vibratory mo- 

Vot. II. I tion 
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tion of the parts of bodies among each of her, whofe 
greater or lefs intenfity occafions the increafe t>r 
diminution of temperature : according to the other 
opinion, heat is a fubtile fluid that eafily pervades 
the pores of all bodies, caufing them to expand bf 
means of its elafticity, or otherwife. Each of thefe 
opinions is attended with its peculiar difficulties. The 
phenomena of heat may be accounted for by either 
of them, provided certain fuppofitions be allowed 

«. to each refpe&ivcly; but the want of proof of the 

truth of fuch fuppofitions renders it very difficult, 

. if not impoflible, to decide, as yet, whether heat 

confifts merely in motion or in fome peculiar matter. 

a The Word quantity applied to heat will therefore 
denote either motion or matter, according to the 
opinion made ufe of, and may be ufed indefinitely 
without determining which. ; 

$ Whatever heat may be, it is certainly lawful to 
affirm, that when the temperatures are the fame, 
the quantities of heat are equal in equal bodies of 
the tame kind; thus, a pound of gold contains an 
equal quantity of heat with another pound of gold 
at the fame temperature, a pound of water contains 
an equal quantity of heat with another pound of 
water at the fame temperature, &c. Hence it 

\ follows, that the quantity of heat in , two pounds 
pf a given fubftance is twice as much as is contained 

c in one pound at the fame temperature •, and unt- 
verfally in homogeneous bodies of -phe fame kind, 

;, the quantities of heat will be as the mafles, provided 
the temperatures be the lame. • • 

' ... 'If 
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If two bodies that differ only in temperature be o 
brought into contaft, they wHl (113, y) acquire a 
common temperature, and the quantity of heat in 
each will be equal ( 1 14, b). It is therefore feen, s 
that the hotter body has imparted half its furplus - 
of heat to the other; and confequently the quan- 
tity of heat in one of the two bodies will be an 
arithmetical mean between the quantities originally 
contained in then*. 

If, two bodies of the fame kind that differ in f 
magnitude and temperature be brought into contaft, 
they will (1 13, y) acquire a common temperature, 
and the quantity of heat in each will be (114, c) 
in proportion to the mafles: that is to fay, the o 
quantity of heat which caufed one of the two bodies 
to be hotter than the other will be divided between 
them in proportion to their mafles. 

The quantities of heat required to be imparted to, H 
or fubdu&cd from, bodies of the fame kind, in or- 
der to bring. their temperature to any given (tan- 
dard, will confequently be as their mafles* 

On thefe confiderations it is that the therroo- t 
meter is prtefumed to acquire the fame temperature 
as the body it touches. For the mafs of the ther- 
mometer ought to' be very fmall in proportion to 
that of the body it is applied to ; in which cafe the 
quantity of heat it gives out or receives in the 
acquifidon of the common temperature will be fo 
fmall as not fenfibly to affed the body under con- 
fideration; fo that the common temperature may 

U be 
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be taken inftcad of the original temperature required 
to be found. 

K The arithmetical tpean temperature between two 
equal bodies of the fame kind, as determined by 
/xperiment (1151 *) will caufe the mercury in a 
thermometer to ftand very nearly at an interme- 
diate equal diftance between the Actions it would 
have had at the original temperatures of the twp 

t bodies. The increments of expanfion in mercury 
are therefore very nearly as the quantities of heat 

Hi that caufe them. And the quantities of heat added 
to, or fubdu&ed from, a given body in contact 
with a mercurial thermometer, will be expreffed 
by the number of degrees the thermometer rifes or 
falls. 

m , .Thus far die temperature and heat of bodies of 
the fame kind have been chiefly confide red; but if 
two equal bodies of different kinds and tempera • 
turebe brought into contact, the common tempe- 
rature will feldom, if ever, be the mean between 

the two original temperatures 5 that is to fay, the 
furplus of heat in the hotter body will, be unequally 
divided between them, and the proportions of this 
furplus retained by each body will exprefs their re- 
ipedive difpofltions, affinities or capacities for heat. 

* If therefore a given fubftance, as for example fluid 
water, be taken as the ftandard of comparifon, and 
its capacity for heat be called one, or unity, the 
refpedive capacities of other bodies may be deter- 
mined by experiment, and expreffed in numbers in 
the fame manner as fpecific gravities ufually are. 

And 
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And bccaufe it is eftablifhed, as well from rcafon a 
as experiment, that the fame capacity for heat ob- 
tains in all temperatures of a given bbdy, fo long 
as its ftate of folidity, fluidity, or vapour, is not 
changed, it will follow, that the whole quantities 
of Beat in equal bodies of a given temperature will 
be as thofe capacities. And as the refpe&ive quan- r 
tities of matter in bodies of equal volume give the 
proportions of their fpecific gravities, lb the refpec- 
tive quantities of heat in bodies of equal weight and 
temperature give the proportions of their Ipeciffc 
heats. 

A greater capacity for heat, or greater fpecific % 
heat in a given body, anfwers the lame purpofe 
with refpelt to temperature as an increafe of the 
mafss or (115, h) the quantity of heat required 
to be added or fubdu&ed, in order to bring a body 
to a given temperature, will be "as its capacity or 
fpecific heat (117, r). 

The capacities not only differ in various bodies, t 
but alfo in the fame body, accordingly as it is cither 
in a folid, fluid, or vaporous ftate. All the experi- 
ments hitherto made confpire to (hew, that the capa- 
city, and confequently the fpecific heat, is greatefl: 
in the vaporous, lefs in the fluid, and lcaft in the 
folid ftate. p • . .' 

The quantity of heat that conftifutes the differ- u 
ence between the feveral ftates may. be found in 
degrees of the thermometer, Thus, if equal quan- 
tities of water at 162 , and ice at 3 2° of tempera- 
ture, be mixed, the ice melts, and the common 

I 3 • tempc- 
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temperature becomes 32% or otherwife, if eqiml 
quantities of frozen and of fluid water, both at the 
temperature of 32 , be placed in a like fltuation 
to acquire heat from a fire, the water will become 
-heated to 16 2°, while the ice melts, without acquir- 
ing any increafe of temperature. In either cafe the 
ice acquires 1 30 of heat, which produces no oth<?r 
cffedt than rendering it fluid. Fluid water there- 
fore contains not only as much more heat than ice, 
as is indicated by the thermometer, but al(b 130°, 
that is in fome manner or other employed in giving 
it fluidity. And as fluid water cannot become ice 
without parting with 130 of heat, betides what it 
had above 32° in its temperature; fo alfo fleam 
jcannot become condepfed into water without im* . 
parting much more heat to the matters it is cooled 
by than water at the fame temperature would have 
done. 

▼ The heat employed in maintaining the fluid 
or vaporous form of a body, has been called 
latent heat^ becaufe it does not affeft the thenpor 
meter. 

w Frqip the cpnfider^tion of the fpeqfic heats* of 
the fame bQdy in the t\vo ftates of folidity and flqi- - 
dity, and the difference between thofe fpecftc heats, 
a method has been propofecj of finding the number of 

. degrees which denote the temperature of any body 
immediately ^fter congelation, reckoned from the 
natural zero, or^bfolute privation of heat. The rule 
is i multiply the degrees of heat required to reduce 
any (olid tp a fluid ftate by the number exprefling 

the 
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the fpecific heat of the fluid : divide thtS produft 
hy the difference between the numbers' expreffing 
the fpecific heat of the body in each date; the quo- 
tient will be the number of degrees tif temperature, 
reckoned from abfolute privation of heat # . 

To give an example of this curious rule, let it be y 
required to determine how many degrees of refrige- 
ration wo\ild ablblutely deprive ice of all its heat ? 
The degrees of heat neceflfary to melt ice are ijo, 

* This theorem is Dr* Irvine's, and may be proved thas; 
let s represent the required temperature' of .the body jutt con- 
gealed ,h= the number of degrees that exprefs the heat required 
to reduce it to fluidity, n= the fpecific heat of the folid, and 
m 5s the fpecific heat of the fluid. Then, s + 1 : s : : m : u. 

Whence . =-UL= the tcropsratnre from the natural ser0 ' 
m— a r % 

in thermometrical degrees of the fluid (1 17, u). But becaufe 
the actual fall of the thermometer is to be produced by cool* 
ingthefolid, we iriuft pay attention to its capacity (117,8). - 

The quantity, of heat required to produde a given change of 

• 

temperature in a body is as its capacity, and consequently the 
changes of temperature, when the quantity of heat is given, 

w>8 be iaverfely as the capacities : therefore n : m ; :— — : 

' r m— n 

1 m 

3=s. Which .is the rnle given in the text. 



m — n 

If the data 1, m, and n, be accurately obtained by experiment 
in any one inftance, and the difference between the zero of 
Fahrenheit's fcale and the natural zero be thence found in de- 
grees of that feale, this difference will ferve to reduce all tem, 
peratures to the* numeration which commences at the natural 
p. So that s being known ip all cafes, if any two of the quan- 
tities 1, m, or n, be given in any body, the otter may be like- 

'.-.',,, , srn— sn sn sm— 1 in 

yife had, Forl;r • Andm= r-. And &=z 
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and the fpecific heats of ke and water are as 9 to 
10. The number, 1 30, multiplied by 10, pro- 
duces 1300, and divided, by the difference between 
9 and 10 quotes 1 300 : therefore if ice were cooledP 
1300 degrees below 32 , or to — 1268 ofFahriri- 

. heit's fcale, it would retain no more heat. 

s * It is unneceflary to point out the many phyfitfcl 
caufes that prevent either the produ&iori or iheri~ 
furation-of this ultimate degree of cold. 

A Experiments on heat may be made *by mixing 
fluid bodies, by placing them in a vafe, whofe 
temperature, volume, and fpecific heat or capacity 
are known; or by placing them in contact with ice 
at 3 a ; in which Jaft cafe, the quantity of ice melted 
by a fyody hotter than 32 will be in proportion ta 
the quantity of abfolute heat that caufes this differ- 
ence of tempera ture. 

B Much care is required to prevent occafional cir- 
cumftances from influencing the refults of theie 
experiments. The mafies, fpecific heats, and tem- 
peratures of the veflfcl and thermometer made ufe 
o£ as well as the temperature of the furrounding 
atmofphere* , muft l?e attended to. The thermo- 
meters muft be very fenfihle, and give the tem- 
perature to tenths of degrees* The temperature of 
the mixture mud be taken in various parts of the 
veffel, and its rate of cooling afcertained at differ* 
ent periods, in order to infer the common tempe- 
rature tfcat would have taken place if the furplus 
of heat could have been equally diffufed at the firft 
inftant of the mixture. When the melting of ice 

is 
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is made u,fe of, it is neceflary that the ice expofed 
to the con tad of the heated body (houkl be de- 
fended from the aft ion of the external air* by be* 
ing included in a vefiel furrounded on all fides with 
otter ice at 32°, and the temperature of the room 
ought not to be much colder *han 30% left the 
melted ice (hould be again frozen, inftead of run- 
ning into the vefiel prepared to receive it. 
- The chief advantage which the opinion that beat c 
is caufed by mere vibration poffeffes, is its great 
fimplicity. It is highly probable that all heated 
bodies have an inteftine motion or vibration of their 
parts; and it is certain that percutfion, fn&ion, and 
other methods. of, agitating the minute parts of bo- 
dies will likewife increafe their temperature. Why, 
then, it is demanded, fbould we multiply caufes, by 
fuppofing the exiftence of an unknown fluid, when 
die mere vibration of parts, which is known to 
obtain, may be applied to explain the phenomena? 
To this it is anfwercd, that mere motion will not o 
apply to the phenomena : for, araon& other fa&s, 
water at 32^ contains mori heat than ice at 3a , 
and ought therefore to poffefs more vibration, yet it 
does not communicate more to the thermometer. A 
part of its motion muft confequcntly be latent or 
incommunicable, which feems to be an abfurdity. 

A happy explanation of the manner in which the a 
temperature of a body is raifed by friftionor percuf- 
fion, has been given * oq the fuppbfition that heat 
is matter. If the parts of a body -containing any 

* By Mr. Kirwan. 
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fluid be made to vibrate Wrongly and irregularly, 
they will expel a part of the fluid out of the pores, 
provided the fluid be not fufficiently comprcficd to 
,iaove in correfpondence with the vibrations. For. 
in this cafe a vibrating particle may be confidered 
as if its dimenfions were increafed, which is in 
cfie& the fa^me thing as if the pores of the body 
were diminifhed. The capacity of the body wilt 
thus be diminifhed, and confequently its tempera- 
ture will be increafed ( 1 17, s). 

W All the changes of temperature from the raoft 
intenfe cold to the utmoft violence of ignition may 
be explained . from the changes the capacities* 
of bodies, . and confequently their fpecific heats, 

C undergo in the feveral chemical procefles. For 
univerfaily, whenever the capacities of bodies are 
diminifhed, either by freezing or condenfatipn, 
( f, 7jT), by friction or percuffion (121, b), or by 
ti change in the chemical combination, then the 
temperature is increafed (117, s). And on the 
contrary, the temperature is diminifhed, or bodies. 
become cold whenever their capacities for heat are 
increafed, 

h Thus, in the folution of various faline bodies in 
water, cold is produced; becaufe the capacity of 
the fait being increafed (117, t) by its becoming 
fluid, while the abfolute quantity of heat remains 
the fame, its temperature muft be diminifhed 
(117, s). Confequently, the common tempera- 
ture of the melted fait and water muft be lower 
than it would have been if the fait had not been 

• 

diffolved (113, y). 

For 
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For the fame reafon a mixture of fnow and fait, | 
applied at the outftde of a veflel containing water, 
produces a degree of cold that congeals the water, 

v or would caufe a thermometer to fall far beyond t 
the freezing * point. The fnow and fait are ren- 

v dered fluid by their mutual a&ion on each other; 
their capacities for heat are increafed, their temped 
ratures confequently diminifhed, and' the water 
frozen by the lofs of the heat it imparts to pro- 
duce a common temperature. 

So likewife, if a fmall glafs veflel, containing k 
water, be conftantly wetted on the outfide with 
ether, the quick evaporatioa of this laft fluid will 
produce & degree of cold that will in a very (hoit 
time freeze the included water. For the fpecific 
teat of the ether, when converted into vapor, is 
fo great, that its temperature becomes very low, 
and cools the water even below freezing. 

The inftances of cold produced by evaporation I, • 
ire exceedingly numerous, . From this caufe it is 
that water is commonly about two degrees colder 
than the furroundfng air; that damp clothes pro- 
duce fuch chilling effetts ; that a wet hand, even 
though wetted with warm water, foon becomes 
polder than the other that remains dry, &c. &c. 

The fpecific heat of atmofpheritiai . air is found M 
by experiment to be confiderably greater than that 
of air which is expired from the lungs of an animal 
The air therefore undergoes a change in the lungs, 
which diminifhes its capacity, and muft confe- 
quently increafc its temperature. It is found alfo, that 

■ " ' % ' the 
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the capacity of blood for heat is diminished in its 
courfe from the arteries to the veins. From thefe 
caufes the temperature of the animal is continually 
increafed. But the evaporation of perfpirablc mat- 
ter increafes with the temperature, and produces 
cold. The equilibrium of thefe a&ions appears to 
be the reafon why the temperature of any one fpe- 

. cies of animal is nearly the fame in all climates* 
Animals that have no lungs are of the fame tern* 
perature as the furrounding medium. In- cold 
countries the effefts of per fpi ration, and the con tad 
of the circumambient air, are rendered lefs by the 
clothing, as thick fur, hair, &c. that envelope the 
native animals, and are from neceflity made uk of 
by the human fpecies. 

n The fpecific heat of combuftible matter is not 
confiderable; the fpecific heat of atmofpheric air is 

« 

much greater than that of air which has ferved 
the purpofc of combuftion. Suppofe now that 
by any means the temperature of a combuftiblfc 
fubftance be raifed to fuch a degree as that the 
chemical procefs, which changes the capacity of the 
air, may go on, the temperature of the air will 
be raifed in proportion as its capacity is dimi- 
nifhed, its heat will be imparted to, and ftill more 
ihcreafe, the temperature of the combuftible body. 
A very high degree of temperature will be pro- 
duced, which will be greater in proportion to the 
IpeciBc htat of the air, the quantity decompofed 
in a given time, and lefs in proportion to the fa- 
cility with which it is abforbed or conduced away 

by' 
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by other bodies. This procefs is called combuftion, 
when it is carried on with fuch rapidity as to caufe 
the body to emit light, at which time it is faid to 
be ignited ; a^d it will continue till the principles 
of the body are fo changed or diflipated as that ic 
can no longer make any change in the capacity of 
the -fur rounding air. ' * 

The fri&ion of one piece of wood againft an- o 
other, in a turner's lathe, produces heat and flame. 
A nail may be hammered till it becomes red 
hot. When flint and fteel are ft ruck together, 
minute portions of the fteel are knocked off, in fo 
high a degree of heat, that they are a&ually burned, 
and upon extin&ion are feen, with the magnifier, 
to confift moftly of hollow balls of a black or grey ifli 
metallic colour, and about the one hundredth of an' 
inch in diameter. When the fun's rays are thrown, 
by a burning-glafs or mirror (i. 325, n), on any 
fubftapce, they exceedingly increafe its tempera- 
ture, and produce the mod aftonifhing efFe&s. 
In all thefe phenomena the temperature feems to 
be raifed, at lead in the beginning, by the dimi- 
nution of capacity, which is a confequence of the 
agitation of the minute parts of bodies. 

When water, or any fluid, is heated, the quan- p 
tity evaporated in a given time becomes greater, 
becaufe the; heat which the greater capacity of 
fleam demands is more readily fupplied. The 
greater evaporation diminiftics the augmentation of 
temperature the fluid acquires, and at a certain pe- 
riod entirely deftroys it. This period or tempera- 
ture. # 
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ture, called the boiling point, is lower, the more 
eafily evaporable the fluid, and will vary in the 
fame fluid, accordingly as the evaporation is more 
or left eafily performed. Thus fpirit of wiiie boils 
at 1 86°, water at 212°, mercury at 6oo, and 
other liquids at other points refpe&ively, at which 
they acquire the greateft heat they arc capable of 
fu Raining without being converted into vapor in 
the open air of a mean denfity. But if the eva- 
poration be impedtd, cither by the fluid being in- 
cluded in a clofed veflel, or by the increafed pref- 
fure of a denfcr atmofphere, the fluid wUl acquire 
a higher temperature: and, on the contrary, if the 
atmofphere be light, or the fluid heated in vacuo, 
the boiling temperature will be lower *• 

* The Theory of heat, as here explained, is due to the 
immortal Dr. Black, and has been improved and illuftrated 
by Dr. iA. Crawford, Dr. Irvine, Mr. Kir wan, Profeflbr 
Wilkie, Mr, Watt* Mr. Magellan &c. 
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CHAP. II. 

til DESCRIPTION OP THfe METHODS OF APPLYING 
HEAT TO CHEMICAL PURPOSES. 

There are few fubftances found in a natural q, 

ftate whofe conftituent parts cannot be feparated 
from each other by the methods ufed in chemiftry, 
One of the principal methods conflfts in altering 
the temperature of bodies. 

A great number of bodies' are found to be r 
capable of the folid, the fluid, and the vaporous 
or . highly elaftic form, accordingly as they con- 
tain lefs or more heat. The temperature at which 
folids become fluid is exceedingly various in dif- 
ferent fubftances, as is likewife the temperature at 
Which the internal parts of fluids begin to take 
a vaporous form, ' ? and efcape with ebullition. - 
The number of degrees of temperature compre- 
hended between thefe two points of freezing and 
boiling is not governed by* any relation yet dif- 
covered between thefe phenomena and the other 
properties of bodies. Thus mercury freezes at 
49° below o* and boils at 6oo°i the interval, 
beuig 64 9 i water freezes at 3V, and boils at 21 2% 
the interval being 1 8o° j alcohol or fpirit of wine 
freezes at 5 2° below o, and boils at 1 8o°, the in- 
terval being 23 2°. It is probable that all bodies s 
whatfoeyer are capable of the three ftates of folidity, 
goidity, and vapor; .but that in many inftancey 

* the 



4' 



12$ EFFECTS FROM CHANGE OF TEMPE*ATITRE. 

the freezing or boiling points may lie at tempe- 
ratures not obtainable by any means in our power. 
r Bodies that aflame the vaporous ftate at a lower 
temperatyre are called volatile, when compared 
with fuch as require a greater degree of «hcat for 
the fame purpofe. Such bodies as cither tannot 
be mad? to rife in vapor, or require an intenfe 
heat to raife them, are called fixed, 
r It is eafy to conceive how the parts of bodies 
• maty be feparated from each other by change of 
temperature. Thus, if foap be diflblved in alcohol 
of wine, and the temperature? be rendered lower, the 
foap will affume a concrete form, and be feparated 
long before the fluidity of the alcohol can be affil- 
ed. Water mixed with alcohol is converted into 
ice by cold, and feparated for the fame reafon. 
Again, if a mixture of Copper and lead be ex- 
pofed to a heat gradually incrcafed, the lead will 
be melted firft, and, will run from the copper, 
leaving it in the form of a porous mafs : or if 
brafs, which is a mixture of copper and a volatile 
femi-metal called zink, be expofed to a confi- 
derable heat, the zink affumes the vaporous ftate, 
and leaves the copper alone. So likewife quick- 
filver is feparated from gold, water from clay, &c. 
The purpofes of chemtftry are in general much 
better anfwered by railing than by lowering the 
temperature of bodies. The raoft ufual method 
of heating bodies is, to place them in communica- 
tion with others in a ftate of combuftionj that is 
» fy» pl*cc them near a fire. The vefiels and 

furnaces 
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furnaces rfiade ufe of are various, according to their 
fever al applications* 

When fubftancei of confiderablc fixity are to be w 
expofed to heat, or when the volatile parts of bodies 
are propofed to be diffipated into the air, open 
veflels are ufcd. The common culinary utenfils 
of copper of iron anfwer thefe intentions where the 
matter to be operated upon will not corrode them, 
and the heat is not required to be very great, Glafs • 
veflels are the moft cleanly, and may be ufcd in a 
great variety of procefles. They have the advan- 
tage of refilling the a6lion of moft corroding mat- 
ters, are impermeable to air and vapour, and their 
tranfparency affords the valuable convenience of be* 
holding- the changes that happen within them. In . 
higher degrees of heat* fuch as would foften or 
melt glafs, it is neceffary \o ufe veflels of earth, or 
other matter. 

A mattras, is a kind of bottle, fhaped moft com- x 
monly like a Florence flafk, though its figure is Vari- 
ous, according to the lifes it is intended to be ap- 
plied to, fig, 15c A cucurbit, is a veflel nearly of 
the fame figure, but with a long hecks it is made 
either of fnetal, glafs, or earthen-ttare* Crucibles are 
pots made ufe of for riielting metal and other fimilar 
purpofesj they are made either of platina, filver, 
forged iron, black lead, earthen-wafe, or porcellain. 
The larger crucibles are generally conical, with a 
fmall fpbtit, or lip, for the convenience of pouring out 
the melted matters, fig. 151* The fmaller crucibles 
are truncated triangular pyramids, fig, 152* Others 

Vol. II. K aj* 
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arc conical, but fwclling out in the middle, fig. itf* 
The black lead crucibles are very durable, but they 
cannot be ufed for alcaline fubftances. A cupel, is a 
(hallow crucible, or cup, made of calcined bones, and 
ufed by afiayers, fig. 154. The large crucibles of 
this kind, ufed by refiners, are called tefts, fig. 155, 

y In raoft operations where the volatile parts of bo- 
dies are propofed td be feparated and preferved, it is 
jieceffary to ufe clofed veflels. To the cucurbit fig. 
150, and 156. No. 25. is adapted the head B; from 
this head proceeds a tube that communicates with 
the mattras c, which in this cafe is called the receiver. 
The whole apparatus thus ' difpofed is called an 
alembic or dill. 

z When dift illation is performed in the large way, 
the Hill, fig. 157, is made ufe o£ a is ,the boc|y of 
the ftill, b the head, d the worm* tub containing cold 
water.- . 

A Diftillation may alfo be performed by means of the 
retort and receiver. The retort, fig. 158, is a globu- 
lar veffel, either of glafs or earthen-ware, with a neck 
extending in a curved dire&ion, terminating in an 
open point or mouth. The materials to be dif- 
tilled are introduced into the body of the retort, and 
heat is applied to caufe the fubftance to boiU To 

. the neck of the retort is adapted a receiver, wide 
enough to allow the neck of the retort to be intro- 
duced into it. It is intended to receive from the 
retort, the fluid that diftills over. Fig. 159, is a tubu- 
lated retort, which merely differs from the former by 
having an opening, which may be clofed with a 
ground ftoppcf in the upper part ot roof of tfie rc- 

/ tort. 
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tort. Fig. 1 60, is a hydroftatic funnel for pouring fluids 
gradually into air-tight veffels, efpccially when at- 
tended with the formation of gas. It is evident that 
any portion of fluid poured into the funnel x, more 
than fufBcient to fill the two firft parts of the bent 
,tube up to the level z, will efcape by the lower ex- 
tremity b. At the fame time no gas can return 
through this funnel, ualefs its preffure be able to 
overcome the refiftance of a column of fluid of the 
height of x y. Fig. 161, is another contrivance 
for the fame purpofe. » It confifts of a common glafs 
funnel, in the throat of which is inferted a glafs 
rod with a conical point, which regulates the paflage 
of the fluid through the funnel, according- to the 
firmnefs with which it is fcrewed in. 

When volatile fubftances are raifed by heat in a b 
dry form, the procefs is called fublimation. If the 
fublimed mafs has a loofe powdery form, it is called 
flowers. <Such are the flowers of brimftone, of ben- .' 
jamin, &c. An ordinary cucurbit, or mattras, will 
ferve for the fublimation of fuch bodies as are not 
very volatile. When they are more volatile, the head 
b of the alembic is a proper receptacle, fig. 156, ef- 
pccially if moift products arifc and are required to 
pafs at the fame time into the receiver c. In other 
cafes the receiver is not annexed, and a number of 
heads are fixed one above the other communicating 
by necks, the uppermoft one only being clofed at the 
top. M^ny fublimates are attached tb the chimnies 
of furnaces, among which common foot is a familiar 
infta/ice. 

The conftru&ion of furnaces is as various as the c 
purpofes they are defigned to ferve. 

K 2 Fig. 
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i> ■ Fig. 162, reprefents the wind- furnace, or air melt- 
ing furnace. In this feftion a denotes the afti-hole, 
b the grate, c a crucible placed on the grate, f a 
ftone covering the upper part of the fire-place. . The 
fuel and pots are introduced at the hole ?. The ef- 
fefls of this furnace are eafily explained. Combuftion 
is more rapid and intenfe in proportion to the quantity 
of air fupplied.and decompofed. The preffure of the 
atmofphcre upwards is greater than the preffure of 
the column that ads downwards, becaufe the lower 
part of this laft mentioned column coofifts of a rare- 
/ fied portion , of air included in the chimney. The 
lighter column will therefore afcend with a velocity 
fo much the greater as its rarefied part is longer and 
more rarefied. If therefore the fire be large, and the 
chimney high and fufficiently narrow for the air to 
pafs through before it is much cooled, a very power- 
ful degree of heat will be produced. % 

% Fig. 163, is an improved chemical lamp furnace, 
with double concentric wjeks, very convenient for al- 
moft every operation of chemiftry •. It confifts of a 
'brafs rod fcrewed to a foot of the fame metal. Ofi 
this rod Aide three brafs fockets with ftraight arms, 
terminating in brafs rings of different diameters. 
Thefe rings ferve for fupporting glafs retorts, evapo- 
rating, bafons, Florence flafks, &c. for performing 
diftillations, digeftions, folutions, evaporations, falinc 
fufions, concentrations, analyfis with the pneumatic 
apparatus, &c. If the veffels are not wifhed to be 

* See Nicholfon'i Journal of Natural Philofophy, kc. 1804 
No. 32, page 260. 
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expo fed to the naked fire, a Copper fand-bath may be 
interpofed, which is to be previoufly placed in- the 
ring. Each of thefe brafs rings may, by means of a 
thumb fcrew afting on the rod of the lamp, be~fet at 
different heights, or turned afide according to the 
pleafure of the operator. Below thefe rings is a foun- 
tain lamp on Argand's plan* this lamp alfo Aides on 
the main brafs rod by means of a focket and thumb- 
screw. It is therefore eafy to bring it nearer or to 
move it farther at pleafure from the veflel which may 
remain fixed, a circumftance which, independent of 
the elevation and the depfeffion of the wicks of the 
lamp, affords the advantage of heating the vefiels by 
degrees after they are duly placed, as well as of aug- 
menting or dimini(hing the heat inftantly, or for 
maintaining it for feveral hours at a certain degree, 
without in the lead difturbing * the apparatus con- 
nected with it. It may therefore be ufed for pro- 
ducing the very gentle heat neceffary for the reftifi- 
cation of ethers, or the ftrong heat requifite for diftil- 
ling mercury. The chief advantage of this lamp con- 
fifts in its power of producing an intenfc heat, by the 
addition of a fecond cylinder added to that of the 
common lamp of Argand's. This additional cylinder 
in^lofes a wick of one inch and a half in diameter, 
and it is by this contrivance that a double flame is 
caufed,.. and more than three times the heat of an 
Argand's lamp of the largeft fize is produced. 

There are many other furnaces, for the making of r 
glafs, the rQafting of ores, and extrafting their con* 
tents, the firing of pottery, and other numerous pur- 
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pofes. For the defcription and ufe of thefe, larger » 
treatifes muft be recurred to*. The philofophical 
chemift may in general perform his operations! with- 
out being under the abfolute neceffity of ufing fur- 
naces conftruded on purpofe, or preparing any large 
apparatus of veffels. A tobacco-pipe is a very ufeful 
kind of crucible, with which. many experiments may 
be well made in a common fire, efpecially with the 
affiftapce of a pair of double bellows. Common chaf- 
ing difties, fmall iron ftoves, or the larger kind of 
black lead pots may be applied to purpofes of the 
moil extenfive utility by an ingenious operator. Bot- 
tles of various (hapes, and other veffels, may be found 
in common ufe Well fuited to the performance of che- 
mical experiment^: fuch are. apothecaries phials, Flo- 
rence flalks, earthen pans, &c. 

g The blow- pipe is an inftrument of great ufe in the 
chemical examination of mineral bodies. This may 
be procured in the fhops. 

H The common blow- pipe is fubjeft to two principal 
inconveniences; the firft is, that the moifture of the 
breath becomes condenfed in the tube, and occafion- 

i 

ally fpirting out of the aperture, either checks the 
burning of the flame, or produces other difegreeable 
, accidents; the other is, that the aperture being in- 
variable, can only be adapted to a flame of one pafti- 
cular magnitude, whereas a larger flame requires a 
larger aperture. The blow-pipe bed fuited to philo- 

* A defcription and drawing of a very convenient portable 
univerfal chemical furnace may be feen in the 24th Number of 
the Jourqal of Natural Philofophy, Chemiftry, and the Arts. 

fophical 
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fophical purpofes, fig, 164, confifts of a tube about 10 
inches long. The aperture a is about £ of an inch in 
diameter, and is intended to be applied to the mouth 
in blowing r the other aperture b is very fmall, fo 
that the air ifiues out of it in a ftream ; it is pro- 
vided with a ball, c, in which the, vapours are de- 
tained, inftead of pafling through the aperture b. If, 
now, a candle be fiiuffed and the wick turned a little 
on one fide, the flame may by this ftream of air be 
dirc&ed upon any fmall body, and is Efficiently aftive 
to produce every change that the ftxongeft furnace can 
effect on larger bodies. 

The body to be urged by the flame, dire&ed and 1 
excited by a blow-pipe, ought not to exceed the 
fize of a grain of pepper. The beft fupporter to 
place it on is a fmooth clofe piece of charcoal, which 
anfwers perfeftly well for all matters that do not fink 
into its pores, nor are changed by it. In fuch cafes 
as the charcoal cannot be ufed, it is neceflary to 
be provided with a fmall fpoon, either of pure 
gold or pure platina. 

The advantages attending experiments made with k % 
the blow-pipe are many. They may be made in a 
very fhort time in any place, by an apparatus that ad- 
mits of being carried in the pocket. The quantity 
required of any material is fo fmall, that they are per- 
formed at a very little expenfe. And the whole pro- 
cefs, inftead of being carried on in an opake crucible, 
is vifible from beginning to end. They are therefore 
of great utility in examining bodies where experiments 
in the large way cannot eafily or conveniently be made, 
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and where they can, theft fmall triali previoufly triad* 
are often of fervicc to indicate the beft way of cbn« 
du£Hng them *• 

The burning glafs or mirror is feldom ufed in cjie* 
miftry, except on fuch occafions as do not admit of 
the other methods of heating bodies* * 

Fig. 165, is a metallic veflel fof boiling inflatn* 
mable fluids, a, b, e, d, t is the body of the kettle, d 
a long fpout proceeding frotfi it for preventing any 
rifk of boiling over ; Eisa ftiort fpout for pouring out. 
The veflel fhould not be filled above f, and the long 
ipout d (hould be placed fo a to be as little heated 
as pofiible. When the fluid begins to fwell and boil 
up, both from the great increafe of furface, and from 
part of it running up the cooler Ipout d, the ebulli- 
tion will be checked, and all danger of running over be 
prevented, 

* A felf acting blow- pipe may be feen defcribed and figure^ 
in the fecond volume of Aeeum's Chemifhy. 
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CHAP, lit 

NATURE AND EFFECTS OP ATTRACTION, OR Clfl* 

MICAL AFFINITY, 

Jt has been diffidently ihewn in the former parts 4 
of this, Treatife, that the parts of bodies have a ten- 
dency towards each other, which is generally denoted 
by the word Attr^&ion. Were it not for the effe&s 
of this power, the motions of all bodies would be per- 
formed in right lines (i y ai, p), and their parts 
would \k feparated from each other by the fmallcft 
jmpulfe. It is, in fad, impoffible to form a notion 
how the univ^rfe could fubfift in its prefent ferm 
without it. 

The firft rule of philosophizing (1. 6) leads us i 
to enquire whether the various effeds of attraction 
that take place in natural phenomena be coniequences 
of one and the fame principle, or, if more chutes 
than /one fhould be concerned iri producing them, 
how far the operation of each extends. If the at- 
traction of cohefion were the lame as gravitation, its 
power would follow the fame ratio of the diftances of 
bodies from each other (i, 207), and would be fenfi- 
ble at very tonfiderable intervals of fpace ; but as it . 
is perceived only at extreme^ fmall diftances, and o 
even gives place to repulfiqn when the interval is in- 
freaffd (1. 47, z), U feeips neceffary to confider it' at 
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a'diftinft prdpcrty of matter, or, at lead, as the effeft 
of fome other caufe, 

p Whether the attraction of cohefion, or the power 
that refills the feparation, by mechanical means, of 
the parts of folid bodies, be the fame as thofe at- 
tractions which, on account of their being exerted 
more ftrongly between two given bodies, than be- 
tween one of the two and a third of a different kind, 
(called elective attractions, or chemical affinities,) 
has not been well decided. The enumeration of a 
few fimplq propofitions refpeCling attraction, gene- 
rally considered, may tend much to elucidate this 
bufinefs. 

k As the attraftion of gravitation is taken to be a 
general property of matter, aCting according to the 
ttiafles of bodies (i. j8. i; 26, a), and we do not 
fuppofe a variety of attractions, but of denfities, in 
bodies that are varioufly heavy, fo may one general 
property caufe the particles of bodies to adhere toge- 
ther, though its intenfity, varying with the denfity of 
thofe particles, may produce various effects. 

f « In all the phenomena of attraction, the force is 
greater when the diftance is lefs : and it is clear, that 
particles of the fame mafs and denfity may have vari- 
ous figures, fome of which will admit of a nearer ap- 
proach of their centers, when their furfaces are in con- 

o taCt, than others, Sudi particles as by their figure 
cjn admit of their centers Coming nearer together, 
will adhere more ftrongly on that account. 

h Againft the truth of the pofition, that the attrac- 
tions difplayed in the cohefion of bodies^ and in 
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chemical operations, follow the denfity of the par- 
ticles, it is no obje&ion to fay, that the hardnefs and 
fpecific gravity of bodies are governed by no com- 
mon law: for the hardnefs, according to this doc- t 
trine, depends on the denfity, magnitude, and figure 
of the particles, and the fpecific gravity on the den- 
fity df the particles, and the proportion between their 
aggregate bulk and the bulk of the fpace occupied by 
the pores of the bodies. And as thefc attributes K 
do not depend on each other, but may vary inde- 
finitely, there is no neceflary relation between hard- 
nefs and fpecific gravity. 

The adhefior} of like parts, by which a body is l 
formed of the fame kind as the parts themfelves, is 
called aggregation ; but the adhefion of parts, not 
of the fame kind as each otHer, by which a body is 
formed, having properties different from thofe of 
the parts, is called combination, or affinity of com- 
pofition. 

Affinity of compofition is regulated by the follow- m 
ing laws. 

It takes place only between different bodies, either ftmple 
or compounds, and unites them into one whole, whqfe pro* 
perties are different from* the original conjlituent parts. 
For inftance, 8 parts of bifmuth, 5 of lead, and 3 of 
tin, when melted together, form an alloy which melts 
in boiling water. 

Affinity of compofition is oppofed by the attraction of n 
aggregation. If we pour fulphuric acid upon a folid 
piece of fluor fpar, no perceptible aftion takes place, 
"but if we reduce the fpar to powder, and then prefent 

it 
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it to the acid, a violent adlion inftantly takes place j 
fo that chemical affinity is oppofed by that' of aggre- 
gation. , 

o It is always accompanied by a change of temperature. 
If fulphuric ticid and water be mingled together, in 
' the proportion of 4 parts of the former and 1 of the 
latter, the temperature of the mixture will be about 
300*. If equal parts of muriate of ammonia, nitrate 
of potafh, and water be mixed together, the cold pro- 
duced will be about 36°, 

p , The agency of chemical affinity is different in dif- 
ferent bodies. If we pour nitric acid upon filver, 
the acid will combine with the Giver by virtue of che- 
niical affinity, and form a chemical compound confid- 
ing of filver and nitric acid ; if we prefent, to this 
Compound, copper, the nitric acid will abandon the 
filver and go to the copper, the folutibn now will be a 
compound, confifting of nitric *cid and copper, for the 

' filver will be feparated in its metallic ftate. If we add 
to this new compound, iron, the nitric acid will quit 
the copper and go to the iron, and the copper will be 
precipitated. If zinc be prefented to this folution of 
iron, the zinc will be diflblved, and the iron become 
feparated, &c. 

q^ Thf dgency of chemical affinity is modified in propor- 
tion to the ponderable quantities of the aEting bodies. If 
we boil together in a fmall quantity of water, equal 
parts of potafh and fulphate of bary tes - % the fulphuric 
^cid will be divided between the barytes and the pot- 
afh, in the compound ratio of their mafs. The grcateft. 
part of the fulphate of barytes will remain undeconv 

pofed 4 



CHEMICAL ATTRACmoH.. 4^1 

« 

pofed, mod of the potafh will alfo be unaltered, but 
a certain quantity of barytes will be decompofed, a 
portion of pure barytes will be found, and a portion of 
fulphate of potafh will alfo be found, originating from 
the fulphuric acid, which the fulphate of barytes loft, 
*nd the fulphate of potafti which fulFered decompo- 
(ition. Hence it becomes obvious, from this law, 
which was firft noticed by Bertholett, then (peaking of 
the different affinities of different bodies, that fubftances 
ought to be confidered as always afting in certain 
determinate proportions. For the excels of quantity 
is capable in moft cafes to compenfate for the defici- 
ency of the force of affinity j fo that by varying this, 
the effedfc will be varied. The tables of ele&ive affi- 
nity, as they have been called, laid down in different 
books,' myft be therefore confidered as prefenting ufe- 
fiil rather than accurate approximations to the true na- 
ture of relative affinity. 

. The attra&ions whiph tend to preferve the original & 
arrangement of two or more bodies, are called q me[± 
cent affinities : thofe whofe tendency is to deftroy the 
original compound, are termed divellent affinities* 

By the term of dijpfing affinity > is meant, by fome s 
authors, the tendency which certain bodies have to 
combine, by virtue of the addition of another body, 
which frequently exerts no affinity to. any of them in 
a fepafate ftate. If phofphorus and water, or phof- 
phorus and potafli, or potafh .and water, are brought 
in contaft with each other, and heat be applied, 
neither of the fubftances will adt upon each other; 
the water as a compound body will undergo no change, 

but 
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but if all three bodies he prefented to each other, 
under die farrie circumftance, the water will be dc- 
compofed, the fubftanccs will aft upon each other, 
and a total new * arrangement of principles will take 
place. The affinities of different bodies may, there- 
fore, lie dormant until called into aftion by the 
interpofition of another body. But it feems abfurd to 
fuppofe that a body can pofTefs affinities before it is 
formed; and when this, and the before-mentioned law 
of affinity are more attended to, they will probably 
lead to explanations of the greatcft importance to 
chemiftry. 

t When fimple bodies combine together, the coiri- 
pound refulting from that union is called, a primary 
compound. When two, three, four, or more fimple 
bodies combine* the compound is termed, 3 binary, 
ternary, quaternary, &c. compound. For inftance, 
if we melt together fulphur and copper, the com- 
pound is a binary compound; if we add zinc it is 
called a ternary compound, Sec. 

u When principles are combined in fuch proportions 
as to form a compound that exhibits the leaft poffiblc 
of any of the diftinguilhing properties of the principles, 
they are faicl to be faturated with each otter. If 
either principle exceed this proportion, it is faid to 
be imperfeftly or partially faturated, and the other is 
faid to be fuperfaturated. 

For example, if muriatic acid, be added to foda, the 

compound will exhibit acid properties, if the firft 

abound beyond a certain proportion ; or if the latter 

( predominate, the alkaline properties will prevail ; but 
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if "each be in due quantity, the compound will be 
coroipon culinary fait, neither acid nor alkaline. 

Mixture is the union of principles, which remain x 
neverthelefs in confiderable maffes that adhere to each 
other refpe&ively, either by reafcn of the fimilar prin- 
ciples having a greater attraction to each other than 
to the principles of another kind, or becaufe the 
conditions are not fufficient (141, t) to caufe that 
change which would produce an intimate combination 
of the \yhole. 

Oil and water, when fhaken together, do not com- r 
bine but only mix 7 , becaufe the parts of each refpec- : 
tivcly attract thofe of the fame kind more ftrongly 
than the other : fo likewise potafti and land may be 
mixed without combining, but an increafe of tempera- 
ture in the furnace of a glafe-houfe will caufe them to 
finite, and .form the combination called glafs. 
, When a fluid combines with another body without z 
lofing its fluidity, this laft is faid to be held in folution, 
or difiblved, and the fluid is called a folvent or men- 
ftruum. 

A menftruum ftturated with one principle may, a 
flotwithftandiog, take up another (139, n, o). 

Thus fait may be difiblved in water, and. when k 
is feturated, and will not ad on ialr> it will diffolve . 
fugar. 

.When a fluid, that . holds one or mote principles b 
in folutian lets one fall upon the addition, of fome 
new body to which the combination has , a greater 
affinity, the principle Jet fall is laid to be precipi- 
tated by the newly adaed "fubftaace, whiqh is c$e$I 
fhe precipitant. ' 
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Epfom fait confifts of magnefia, combined with fut-» 
phuric acid. I r this falc be diflblved in water, and 
carbonate of potato be added, the magnefia will fall to 
the bottom in the . form of a white powder, and the 
potafh will combine with the fulphuric arid. 

When two principles are fo feparatcd on th* 
addition of a third, that one of the original prin« 
ciples quits the o^her, and forms a new combi- 
nation with the third, the decompofition and new 
combination arc faid to be produced by fimplc 
affinity. 

Common fait, as has been already obferved, it 
a combination of the muriatic, acid with foda* 
If fulphuric or vitriolic acid be added, the foda will 
quit its acid to unite by ftronger affinity with the acid 
laft added, with which it will form a new fait, 
called fulphate of foda or Glauber's fait, while the 
muriatic acid being difengaged, flies off in &n elaftic 
form* 

When two compounds, confiding each of twoprin* 
ciples, are prefented to each other, and the combina* 
tions change the order of their principles, two de- 
compofitions, and two new combinations, are faid to 
be produced by double affinity. 

Muriate of ammonia is compofed of muriatic acid, 
combined with ammonia or volatile alkali. If muriate 
apimonia in powder be mixed with flaked lime, the 
muriatic acid unites wit]} the lime, and the water of the 
lime joins with the volatile alkali, which rifes imme- 
diately in penetrating fumes. This mixture being 
haftjly put into a retort, the water and volatile alkali 
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come over together, by the affiftance of a gentle heat, 
in the form of a pungent fluid, called liquid ammoaia, 
or cauftic volatile alkali. In this procefs it is not 
limply the attraction of the muriatic acid to the quick- 
lime, nor the attraction of the water to the alkali that 
occafions the double change of combination, but it. is 
the united force of both attractions: for if dry hot 
quicklime, that is to fay, quicklime containing no 
water, be made ufe of, the muriate of ammonia U 
not decompofed, the fimple attraction of the muriatic 
acid to the quicklime not being fufficient to over- 
come the attraction of its component principles. 

Fluids in general diflblve a greater quantity of any 
fubftance when the temperature is higher ; but this is 
not univerfally true. The caufe of the general &£fc 
feems to be, that the fluidity of the matter in folution 
may be better maintained (128, u) at a higher tem- 
perature ; that in partial folutions, where all the prin- 
ciples are not taken up, the heat, by volatilizing fomc 
principles, may render the folution of the refidue more 
eafy : apd the reafon why in fome cafes lefs is taken 
up by a fluid at a higher than at a lower temperature 
is, probably, that the general effeCt of heat being to 
oppofe (113, x) the attractions between bodies may 
operate more ftrongly than the other caufes here taken 

notice of But it is probable that none of the cafes 
wherein this effeCt feems to take place are of a 
fimple nature. 
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CHAP. IV. 

OF THE FIRST COMPONENT PRINCIPLES OF BODIES, 
OR SUCH AS ARE THE MQST SIMPLE. 

Bv die term of fimple bodies, chcmifts mean fuch 
fubftances as cannot be feparated into others of a more 
Simple nature, or reproduced by artificial means. 
Some of thefc fubftances can only be. exhibited to dur 
view in their fimple (late \ others, on the contrary, have 
Dot yet been fuccefsfully exhibited uninfulated. Their 
exiftence/ can neverthelefs be inferred from the analogy 
of certain general and wcll-eftablifljed fads ; they may 
be .arranged in the following order : 

" I. Simple Jubjlancesy without appreciable weighty and of 

doubtful exiftence asjucb. 
Caloric. Light. ' 

Ele&ricity. Galvanifm. 





2. Ponderable Simple Subftances. 




COMBUSTIBLE BODIES. 




1 


Sulphur. Diamond. 




Phofphorus. 


i 




METALS. 


% 


Platina 


Mercury 


Titanium 


Gold 


Tellurium 


Colombium 


Silver 


Antimony 


Chrome 


Copper 


Bifmiith 


Molybdeha 


Iron 


Mangauefe 


Tuhgften 


Lead 


Nickel 


Arfcnio 


Tin 


Cobalt 


Tantaiium. 


Ziac 


Uranium 


*< 
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Incombujiibk Bodies. 

EARTHS. C 

.. m Silex, Glucfoe 

Alumine Zircon 
Barytes Yttria 

- / Strontia . Magncfia. * 

Lime 

i , ALCALIES. 

Potafh Soda. 

2. Simpl* Subftances not yet producible by art* 

/ Oxigen Muriatic radical 

Nitrogen Fluoric radical 

Hidrogen Boracic radical. 

Such arc the bodies which chemiftfy confiders as ■' 
fimple* It docs not however follow, that they are ab- 
, folutcly fo. They are only fimple according to the 
prefect ftate of our knowledge. It is very poflible 
that as the fcieoce advances towards perfection, many 
of them will be found compound, and a new fet of 
fimple bodies will preftnt itfel£ of which we are at 
prefcnt ignorant* 
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CHAP, V. 

THEORY OF COMBUSTION, AND .COMBUSTIBLE 

BODIES. 

When an- incomhuftihk body, a done, for inftancc, 
is heated, it undergoes no change except an augmen- 
tation of bulk and increafe of temperature, and when 
left to itfelf it *foon acquires its former date. But 
when a combujiible body is heated to a certain degree in 
the open air, it begins to become on a fudden intenfcly 
hot, and at lad emits a copious dream of heat and 
^ight to the furrounding bodies. During this emiffion 
of heat and light, the body gradually wades away. It 
cither difappears entirely, or its phyfical properties are 
totally dedroyed. A The principal change it differs is, 
that of being no longer combudible. If either of 
thefe phenomena, namely the emiffion of heat and 
light, and the wade of fubdance, be wanting, we do 
not (ay that the body is undergoing combudion, or 
that it is burning. Combudion is, therefore, always 
attended by the dvfengagement of heat and light. 

The elder chemids univerfally fuppofed, that the 
heat and light emitted during combudion proceeded 
from the combudible body. The burning body ap- 
peared luminous and felt hot, and no other agent was 
fuppofed to be concerned: the conclufion, that light 
and heat were evolved from the burning body, was 
therefore unavoidable. 

But 
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But when the nature of the atmofphere was afcer- o 
tained, and when it became evident that part of the air 
was abforbed during combuftion ; the former con- 
dufion fell to the ground., For when two bodies 
^cxert a mutual a&ion on each other, it becomes 
equally probable that the produ&s may be derived 
from either of them; confequently the light and 
heat evolved might proceed either from the one or 
the other. Whether they proceed from the atmofphere, 
or from the combuftible body, they muft be fepa- 
rated at the part where the combination takes placet 
that is, upon the furface of the burning body itfelf, 
and confequently it appeared luminous and heated, 
while the air being invifible efcaped obfervation. 
« When the laws of heat became known, at lcaft » 
when it was proved that bodies in the aeriform ftate, 
contain at the fame temperature, and in equal quanti- . 
ties, either of mafs or bulk, unequal quantities of heat, 
the cohclufion became probable, that the caloric evolved 
in combuftion proceeded rather from the oxigen gas 
of the atmofphere, than from the combuftible body, 
fince the former contains a much larger quantity than 
the latter. The caloric evolved was therefore deduced 
irom the condenfation of the oxigen gas in the new 
combuftion into which it entered. Thpjugh approach- 
ing to truth, this explanation is perhaps not ftri&ly true. 
It is not merely from the oxigen gas being condenfed, 
that the caloric is . evolved, becaufe in many cafes of 
qombuftion the prod u 61 ftill exifts in a gareous ftate, 
and in others the quantity of caloric bears no propor- 
tipq* tg the degree of condenfation. Philofophers af- 
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. cribe this to a change of capacity, for in different bo- 
dies the difference in the proportion of the capacities 
before and after combuftion is by no means the fame; 
and hence the difference in the quantities of caloric 
extricated in various cafes of combuftion. This being k 
premifed, it rerpain^ to explain the origin of the light 
emitted during combuftion ; for although it might be 
taken for granted, that the caloric is evolved from 
the oxigen gas, we cannot infer that the light has the 
, fame origin. It is very probable that light is a conftituent 
pvt of inflammable bodies,, for it i$ frequently evolved 
in combinations; when the oxigen js merely transferred 
from one inflammable fubftance to. another. In thofe 
cafes it muft proceed from the combuftible body. It 
% feems therefore probable tha{ the light is derived from 
the inflammable fubftance, and that the oxigeri com,-, 
biping with the bafes of thefe fubftances, difengages the 
light, \ It is foffible that part of it may'alfo be derived" 
ffom'the oxigen gas, but it is evidently unneceflfijry tq' 
fuppofefo. Such is the theory df combuftion modi- ' 
fled 'by moderri chemifts. 
: " The fimple bodies, which are capable of undergoing 
(ttlfibuftion, have been enumerated before 5 we fhailj 
now exhibit their properties. 
. v Diamond. The diamond is ; a cbmhuftible fubftattce- 
vriiich, on account' of its great commercial value, has- 
not been fubmitted to many experiments $ it is fbqnd 
in various parts of the Mogul empire, and alfo in 
the Eaft Indian Iflands, and the Brafils. It is ufually 
of an odtohedral form, though not unfrequently iti 
Ittund mafles. The cpnfeqt of mankind has (lamped; 

a pro-r 
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a prodigious value on the diamond) its great loftre, 
which ieenis to have been the property that originally 
attra&ed their notice/ is owing to two caufcs. The • > 
firfb is, that being the bardeft of all bodies, it takes&rtd^ 
prefer ves a moil exquifite polifb, and the other is, dial i 
its rcfraftive power is fo much greater than that of 4Hy ' * 
other medium, as to occafion all the light' to be r#» > 
flefted (1, 276. a) which falls on any of kfe hinder ■: 
furfaces at a greater angle of incidence than a^cfe- : ' 
grees. Now at a lefs angle of incidence ifl £la(s on- ■ 
the internalfurface than 41 degrees, the light will be 
transmitted; confeque'Atly if an artificial gem and' a? 
real diamond be compared, the %ht filling on tfifeh' • 
aKke fituated will be thrbwn back' with' 1 its full glare 
from a diamond not only in alt the Gaffes wherein glalfiP 
will refledl it, but liketoife at all *he" angles bet\V**n :i 
4** -and 54^ while' the .glafs 'foflfering k to psJft^ 
through will affitWr lifelefs and dull. I i ]ii no w«H#hv* 
therefore, that the effedt of the diamohdi&fcifldih 
greater " >>+ >• ' • % < ••- "/- y" 1 j> 

It is not;, afted upon by any chemical 4<^rityck- m:: 
cept q»igen at a very inte life .h&& In that c*fe ifc> 
burns like .r any ottaiP cGiftbtiftibfe body; The/ftf^ 
du& of this^ eom^oftioti is carb&mcmctd gas, 106^ 

parts of w&ch^coftfift of 17,88 : catbbiv and Siyfif 
oxigea. It converts irfon into fte,eI^'K«he* it k ; &)iH 
fibred as pure or cry ftalifed carbon; ; r - 

Carbon is capable of unitinjg with different portions n 
of Okigertj charcoal, gareous oxid of carbon, ahd 
carbonic arid, are compounds containing oxigen ' w 
different proportions. 

L 4 Char- 
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o Charcoal forms the (keleton of pkots. It is alfa 
contained in animal and miheral fubftances. If a piece 
of wood be put into a crucible and covered with 
fand to exclude the air, and the crucible be kept red 
hot for fome time, the wood is converted into a black 
finning fonorous fubftance, called charcoal, It moft 

' commonly retains the form of the vegetable which afc 
fords it. It is carbon in the firft degree of origination. 
It is folid at all known temperatures. It burns with 
vivid light in oxigen g%s. 

T Gaaeous oxid of carbon is obtained by the a&ion 
of ignited charcoal on certain metallic cxids, pa^ti- : 
cyferly zinc and iron. . It is carbon in the fecojid . 
degree of origination, It always exifts in the gare-i 
ous ftatc, £arbpaic acid gas is produced when 4ia- 
rnond or charcpal is burned in oxigen gas ; pr M by 

the effufion ^ ftlfc 4cid upon a natural or artificial 
c^rfemate, •• h i$ carbpn perfectly oxidated, It exifts. : 
in thp.ftate<rf , a pertt>anept gas, ;;., 

<^ The combination of carbon with iron forms fteel. 

it* Sulphur* or brimftone, is ah inflammable fubftance 

'<$ alight ytjlov? colour, either . tranfparent or opake, 

hiitfiie, o'dorapt; it enters into combination with oil% 

aJkalis, earthy jandL a&etals, at a temperature not much 

greater than, that of boiling water ; it evaporates in 

the §pen ak a ^emitting a %me which .by day has the 

appearance of a white fume, but in the dark is lum\- 

, nous, though its heat is fo fm^ll that it may be, fuf- 

fered to play againft the pilm of the hand without) 

much inconvenience. At a higher temperature it 

burns 
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burrts with a vivid blue Same, and is rapidly converted 
into fulphuric acid gas. This gas unites with water if 
prefeot, and forms the volatile vitriolic or fulphureous 

Sulphur fublimes without alteration if heated in a a 
clofe veffd. It is capable of combining with different 
quantities of oxigen,cofift,icu ting oxid of fuJphur, fuU 
p^ureous and fulphuric acid. Oxid of fulphur is 
formed during the. flow.fufiQn of Julphur; it is a tena- 
cious mafs of a brown colour while hot, but it folidifies 
when fuffered to cool It has a peculiar aufterc tafte. 
It has been little examined. Sulphureous . acid is 
produced during the flpw combqftion of fulphur, as 
juft nftt^df Splphuric acid is produced during the, 
rapid combuftion of fulphur, 3$ will be noticed 
hereafter. 

The primary combination of fulphur with earths ,t 
or alcalies constitutes the binary compounds, called 
^lcaJine, or earthy fulphurets; mod of them have a 
brown or liv$r sdpwrj.when perfedtfy dry they acs 
void of odour, but- when, moiftened .they become iri- 
ftandy. converted tintp Jiydrogufated fulphurets; they 
then, exhale £ peculiar .odour refembling rotten £ggs.* 
They may be obtained tby< mere fufion. . _..>., ^ * 
- The combinations; <>f fulphifr with ratals formu 
fubftaares^ called metallic i\dphuret$: mod of thcrq l 
. have a metallic afpedl, they alfo :decompofe water, 
become odorant, and anejebh verted into hydrogurated 
fulphurets by the addition iof watefc ' q • : : \ • 

Sulphur combined • ?yith phofphorus: forms fulphq- x 
jetted phofphorus, .; _ 

Sulphur 
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r 

y Sulphur combined with hydrogen conftituics firfpho- 
rated hydrogen gas ; which fee. 

2 Sulphur is found pure principally near volcanoes 
and in combination with metals i it exifts alfo in ant- 
mal and vegetable fubftances. 

A Phofphorus is a yellow or white tranfparent fubftanccf 
of the confidence of wax, but brittle in the told. /It - 
exhibits a cryftallinc appearance when broken. It is 
luminous at common temperatures. It melts at 105* 
and takes fire at 160 . It is foluble in cxpreffed and 
effential oils, in ether and alcohol:. It combines With 
alcalies, earths, fulphur, and with metals. It itffoltible 
in hydrogen gas. It is capable bf combining *with 
two different portions of oxigen, ; forming phofphorus 
and phofphoric acids. 

9 Phofphorus is never found pure in nature, but al- 1 

* ways in eombinaiibn with oxigen, conftituting phof- 
phoric acid? 'and then united to lime or other bodied 
It is obtained from bones of animals, m the follows 
irig manfter r - To- 3 gallons of^ater add gradually 
1 lb. 6 oz. f of fulphuric acid of Sommercey heat .the 
mixture hf a leaden or glafs v#tifel y unfcl add-gradually 
5 lb. of bdnes, burnt to wtikeiifcfc a$d findy* pui- 
verifed, and digeft the- mixture ^by heat for # or j 

- hours. Strain thef whole;; and evaporate the drained 
fluid- to about 4 lb. Separate th* >ftlphate< of 'lime if 
any is precipitated during" thii procefs* Evaporate 

' the fluid to $ fyrUpous confidence, and then transfer it; 
into a crucible capable of holding, at leaft fix times the 

:: quantity j^ftife litojilLk Aqwsl: quietly, and liquid like 

water i add to it gradually 3 oz, of charcoal powder,. 

n ■ ii . ftir 
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ftir the mixture intimately together; transfer the mix* 
turc into a (lone retort, the neck of which is' jiqmcrfed 
in water, and diftil with a heat gradually increafed to- 
whitenefs. The phofphorus will pafs and be collected 
inthe water. 

The primary compounds of phofphorus are, oxid of o 
phofphorus, phofphorus acid, phofphoric acid, phof- 
phurated fulphur, alkaline, earthy, and metallic phot- . 
phurets, and phofph,urated hydrogen gas, :t 

Oxid of phofphorus is formed by cxpofing phof- o 
phorus to the joint adion * of water and light; it apt- 
pears in the form of an orange cruft on the phof- 
phorus. « ■> 

Phofphorets and phofphoric acid are produced, the b 
firft by flow, the latter by a rapid oxigenation cf 
phofphorus. See phofphorus and phofphoric acid. 

Phofphuret of fulphur is produced by fufing phof- p 
phorus and fulphur under warm water. It is a highly 
inflammable compound, capable of decompofing at- 
mofpheric air and nitrous acid at common tempera- 
tures. ... 

Alkaline and t eartljy phofphurets are obtained by o 
heating phofphorus. \t\ conta<fl with thefe bodies. The 
pioft. known phofphuret of : thi^ kind is phofphuret, of 
Jime, which may^be produced in the.followiog, manner: , 
Tak(5 r a;Wed^wQod T tub^, made of Wedgwood -ware, 

^Mtt^SPi *f l ?WW' >P UC in $° ? l P art of P^°f- o 
PliflW'c *?4: m n \&* 4 Pi Uw, jedu^ed to finally 
pf^fs fc<# in powdqe),; l*eat : thsjt part of c the , tube , 
whidj ^co^uins the lime red-hot i this btifjg done, 

»fS'y J}^..?o the clof^ extreme of the tube where a 

/ • the 
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the phofphorus h fituated, and fublime the phofpho- 
rus over the lime; the compouhd thus obtained is 

phofphuret of lime. It has the. property of decom- 
pofing water. If a fmall piece of it be dropt into 
this fluid, phofphorated hydrogen gas will be difen- 

- gaged, which takes fire at the fiirface of the fluid. 
Pfrofphuret of barytes, and phofphurct of ftrontia may 
be formed in a fimilar manner. - 

h Metallic phofphurets are beft produced, by mixing 
the filings of the rfefpe&ive metals with glacial phof- 
phoric acid and charcoal, ahd expofing the mixture 
to a red heat. 

j Phofphorated hydrogen gas will be noticed under 
- the articles treating of ^afc^ 
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. .METALS IN GENERAL. 

a , 

v The internal parts of the earth, as far as the 
excavations made by natural caufes, or by the' in- 
duftry of fnafr, have given fcopfe for obfervation ? ex- 
hibit ftriklng marks of the immenfe changes .that have 
been produced by the chertneal aftion of bodies 'on 
each other, durinjg a cduffe of ages far preceding all 

O humkn record.' ft feems pfbbable ihaf the^ofefl: 

, niountairis, which rufi 4n chains through r Jf the;^?dat 
continents, and are cbmpofed 'chiefly of graniccftffcd i 
th^if exiftence asTuch previous to that of the ^nFfflails 

h or vegetables on the earth.- lTh$ fcme remark' applies 

likewifis 
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Ekcwifc to mountains of limeftone, or marble of a 
gramslar texture, and is founded on the confideratiori, 
that the remains of thofe organized fubftances are . 
never found in them. Other mountains, for the con- x 
frary reafon, are evidently of poftertor formation* 
Such as have their materials arrange^ in ftrata or beds, - 
ieem to have been formed by fubfidenee and cryftat- 
lization in water. The planes thus formed, appear, . 
from a variety of figns, to have been disjoined, broken, 
and thrown up into heaps by earthquakes, or firni- 
lar convulfions of nature. ; Volcanos, or the eruption k 
of fubterraneous fires, have alfo contributed greatly to 
change the internal cohftru&ion and external appear- < 
ance of the globe we inhabit. There is no country or l 
climate where veftrges of thefe awful phenomena are 
not plentifully to be met with. Volcanic hills are 
often pyramidical, with a plain, or hollow cavity at 
top, and have one or more ridges proceeding from 
thence as a center. Strata of lava, and other vol- 
canic produ&s, abound in the vicinity, moftly be- 
neath the furface, and are regularly difpofed fo as to 
point out the fource from which they formerly if- 
fued. Metallic bodies are moftly found in the ftra- a§. 
tified mountains. The beds of thefe mountains 
being thrown up into an inclined pofition, appear 
to have been worn down by the long continued ac- 
tion of the atmoipheric changes; fo that, ftrata, ' 
which in lower grounds are too deep for the mi- 
ners ta arrive at, are here rendered acccffible. 

Such metallic combinations as are found in nature k 
are called ores. The metal is laid to be mineralized 

- ty 
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by the fubftance that is combined with it* It muff, 
% however, be obferved, as an exception, that native 
o metallic /alts are not called msl The chief mine- 
-raltzers are ifulphur, oxigen, and arfenic. Metals are 
alio found native or uncombtned -, but fparingly. 
p There are entire mountains which confift of iron 
. ore : other ores form but an * inconfiderable part of 
the mountain in which they are found. Some' ores 
run parallel to the ftony ftrata, though very far from 
having that regularity of thicknefs thofe ftrata poflefs ; 
others crofs the ftrata in all directions. The lafc 
are called veins. 
<^ The ftones wherein the ore is imbedded are called 
its matrix. Thefe are not peculiarly appropriated to 
any metal, butfome ftones more frequently accompany 
metals than others. 
it The art of extracting metals from ores in the fmalt 
way is called affaying or eflaying. The term is alfo 
applied to the reparation of gold or filver from other 
metals, and procuring them alone. Ores may be af- 
fayed either by the dry or humid method. In the dry 
way the procefs is condu&ed nearly in the fame me- 
' thod as when the metals are extra&ed in the large fur- 
naces, and generally fpeaking, difcovers little more 
than the quantity of the metal contained in the ore. 
In the moid way, by fkilful management, the quality 
and quantity of all the ingredients become known *• 

* The pra&ical rules for conducting, the analysis of orejfc 
, and minerals in general, may be feen irj "Acpum's Pra&ical 
Effay on the Analyfis of Ores, Earths, Stones, kcS 

• '" 3 ■ "" the 
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The proccfs by fire for obtaining metals from their s 
ores in large quantities for commercial purpofes, is 
called (melting. 

The operations for feparating metals from ores are t 

• * 

trituration, and walhtng in a dream pf water, by which 
the lighter parts are carried off, while the heavier fub- 
fide. This is of fervice when the metalliferous parts 
'are confiderably heavier than the reft. Roafting, by 
which fulphur, water, arfeiric, or other volatile and 
ufelefs fubftances are diffipated. Fufion orfmelting 
with fuch a mixture of earths, or other matters as may 
facilitate the fame, by which the fuperfluous part of 
the ore is fcorified, or melted into a flag or glafs, fuf- 
ficiendy thin to allow the metalline particles to fub- 
fide to the bottom of the furnace in a reguline ftate. u 
In aflays, combuftible or coaly matters are ufed for 
fluxing the mafs, that the metal may be reduced by 
depriving it of the minerallizing fubftance with which 
it may be combined ; but in large works the fuel gene- 

* 

rally anfwers that purpofe. 

It is obvious, that the trituration, wafhing and roaft- v 
ing, are not in all cafes required ; that in fome. cafes 
the roafting mud precede the trituration j and that the 
additions in the fmelting require an attention to the 
fuppofcd or known contents of the ore required to be 
fuied. The previous examination of ores by the w 
blow- pipe, (134,0) and more efpecially the humid 
analyfis, are of great fervice, by indicating the proper 
additions to be made in fmelting. 

In the humid way the ore is finely powdered, and x 
diffolved in fuch a mcnftruum as is adapted to fake 
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up cither the whole or fome of the parts cfcnje&tfretf* 
or by blow-pipe experiments known, to enter into iti 
compofition. The undiUblved refidue> if any, is fub- 
je&ed to trials by other menftruums. The parts in * 
folution may be feparated by the addition of precipe 
fating matters, or by various other procefles. The 
properties and weight of the obtained products indi- 
cate both the quality and quantity of each fubftance 
contained in the ore. This method of affaying is 
.incomparably more exa& than the other, but it>e*» 
quires an extenfive application of the principles of the 
moft enlightened chemiftry *. 

Metallic fubftances in their reguline (late have a 
peculiar brilliancy and opacity (170, 2.) Properties, 
undoubtedly owing to their great denfity, and their ' 
combuftible nature. For the rcfradUve power which 
bodies exert on light is found to be nearly as their 
denfities (1.262* a) excepting inflammable fubftances, 
and in thefe it is in a higher proportion. And, be* 
caufe the refradtion and refle&ion of light arife from 
the fame. caufe (1.308, e) fuch bodies as refraft moft 
will alfo refleft the light moft ftrongly. Opacity is a 
confequence of the refledtion of light. White metals 
are very opake. Gold leaf, which is about f the 
<. TS:77T part of an inch thick, tranfmits light of a 

* See Bergman's Opufcula, and Kirwan's Mineralogy. 

f This is the thicknefs deduced from the weight and furface 
of a book of gofd, when the metal is fo fine as to have but 
three grains of alloy in the ounce, and the workman extra* 
ordinarily fldlful. Finer gold cannot be wrought in this way, 
becaufe it is too fof t to expand over the irregularities of the gold* 
beater's Huns. 

beautiful 
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beautiful green; but filver-leaf, which is about the 
4 go6o6 of an inch thick, is opake. .Other metals 
have not been fo much extended, and whether any of 
them are fufceptible of it is not known. 

Melted metals, like all other fluids, afiume a lym- z 
metrical form in cooling (152, x). The chryftals 
are larger the flower the transition from the fluid to 
the folid ftatej and the fpecific gravities of fome, and, 
perhaps, all metals, are greatly afie&ed in the fame 
'fpecimen (17, w) from this circumftance. Several 
metals are capable of having,thcir cryftals feparated by 
agitation or pounding, juft at the time of Congelation; 
and have then a powdery or granular form. Thele, 
if ftruck with a hammer immediately after congela- 
tion, are broken, and exhibit the regular arrangement 
of their internal parts. Lead and bifmuth afford 
remarkable instances of this. 

Mod metals will mix in all proportions with each a 
other, though perhaps not uniformly^ and may be 
afterwards feparated by procefles founded on the con- 
fideration of their various fufibility, folubility, or dif- 
pofltion to become oxidated. 

The fpecific gravities of thefe metallic compounds b 
are fcarcely ever fuch as would be mathematically 
deduced from the fpecific gravities of the metals 
made ufe of, on the fuppofition of their junction by 
fimple pontadt. 

The fufibility of thefe compounds is like wife fuch c 
in feveral inftances as would not be expedted from the 
fufibility <>f the ingredients. 

Vol. II. M The 
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D The portion of bafer or lcfs valuable metal that t* 
mixed with gold or filver, is called alloy. 

£ Some metals are burnt or oxidated by heat with 
accefs of air : during this procefs they combine with 
the oxigen of the atmofphcre. Molybdena, arfenic, 
tungften, chrome, and columbium* are capable of 
uniting with a large portion of oxigen, and then be- 
come acid. 

r Metallic bxids are reduced to the metallic (fate by 
ftrong hear, in^contaft with combuftible matter (152, 
tr. 167, qJ- Tto black flux is very feryiceable for 
this purpofe ; for, at the fame time that its combufti- 

ble part reduces the metal, its thin fufion favours it* 
fubfidenCc 

g Oxids of metal are heavier abfohitely, but not fpc- 
eifically, than the metal they were produced from. 

H Metals are foluble in acids, but not in their metal- 
lic ftate. Such acids as cannot oxidate a metal ex- 
pofed to their aftion do not diffolve it, though they 
will take up the oxid. 

1 When a metal is diffolved nearly, ito faturation in 
an acid, it will be precipitated in its metallic form by 
thfc addition of another metal, provided the attraction 
of the diffolved oxid for oxigen of the metal laft 
added, together with its attra&ioft for the acid be 
fefs powerful than thft fame attractions on the part of 
the metal which is added, 

& Sulphur unites with all metals, and the alkaline 
fulphurets combine with them all. 

t The ductile metals, gold, plafma, filver, copper, 

iron, 
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non* lead, tin, and mercbry, may all be oxidated by / 
merc^hpat. Somp require the moft intenfc heati 
others are oxidated at lower temperatures. Platina, 
gold, and filver, can hitherto be only oxidated by 
tt^e galvanic and eleftric fparks* . ■ • 

Gold is a yellow metal of muqb greater fpecific r 
gravity than any other, except platina (17, w); di- 
rectly foluble in nitro-muriatic acid ( 192, v), and the 
oxigenated muriatic acid, and precipitable from thefe 
in its metallic form, by the folution of green fulphate 
of iron, and fulphuric, ether. It has all the metallic 
characters (170, z) in the moft perfeft degree4 When 
in fufion, it has a fea- green colour, which is alio the 
colour of gold-le^f by tranfmitted light. 

Gold is moftly, if not always, found in its metallic Q^ 
ftate. Some fands afford gold by fimple waflring, 
the heavy metallic particles fubGding fooneft. But 
when embodied in earths, or ftones, thefe are pulve- 
rized and triturated with one tenth of their weight of 
mercury, together with water. The mercury, after a 
certain time, unites with the gold, and may be fepa- 
rated by diftillation. Or othcrwifc by heating the 
fand red-hot, and quenching in water feyeral time?, 
for the purpofe of cracking and dividing it, and then 
trucking the whole into glafs with twice its . weight of 
vitreous oxid of lead, or litharge. Charcoal being 
added, revives the litharge into lead, which fubfides to 
die bottom, carrying the gold with it< If the lead* 
thus feparated from the fand, be again converted into 
litharge, by oxidation, the gold will remain feparate 
at tbjc bottom of the teft (130, x). 

Ma ' ■ . Th* 
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The laft operation, called tefting, or cupellatiort 
when performed in the fmall way, is one of ..the beft 
methods of feparating gold from the more eafily oxid- 
able metals. The mafs of metals to be cupelled is 
put, together with lead, into a fmall (hallow crucible 
of burned bones, called a cupel, and fufed with a cdn- 
fiderable heat, with accefs of air. The lead continu- 
ally oxidates, and combines all the other metals with 
it. No litharge is produced in the fmall way, be- 
caufe it is imbibed by the porous CbpeL During the 
cupellation, the fcorias, running down on all fides from 
the metallic mafs, produce an appearance called circu- 
lation, by which the operator judges that the procefs 
is going on well. When the metal is nearly pure, . 
certain rainbow colours flafh acrofs the furface, which 
foon after appears very brilliant and clean. This is 
called the brightening,, and (hews that the cupellation 
is ended. 

If the cupelled mafs contain more gold than (li- 
ver, the gold may be diflblved by nitro-muriatic acid, 
and the filver will remain in the form of a white 
powder, of muriate, of filver. If the filver prevail, 
pure nilric acid wiil difiblve it, *and leave the gold. 
It is found moft advantageous to add pure filver, if 
required, to make the proportion of this metal to 
the gold as three to one. For in this cafe the quantity 
qf filver is not fo fmall as to be protefted by the 
gold from the a&ion of the acid, nor the gold fo fmall 
as to fall into powder, when deferted by the filver* 

Thefe procefles are called parting. . 

If platina be fuppofed to be mixed with the gold, 

both 
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both may be diflblved in nltro-muriatic acid, and the 
gold will be precipitated alone on the addition of green 
fulphate of iron. The fulphate of iron thus ufed be- 
comes more oxidated than before, by robbing the 
gold of all its oxigen, which, therefore, reappears in 
its metallic (late. 

The precipitate of gold from its folvent by ammo- 
nia (192, v), has a power of detonating, with a mo- 
derate heat ? . the gold being at -the fame time revived. 
The force of this explofion is not fo great as that of 
gunpowder, .. if p, judgment may be formed by burn- 
ing it in a clofed rn^talirc yeffel j but is much greater, 
if attention bfc paid to the prodigious noifc it makes, 
and the laceration of the metallic plate it is burned 
upon. Theie contrary conclufipn§ may "be reconciled, 
either by fuppofwg the force of aurum fulminans lefs 
than that of gunpowder, but that its' velocity of ex- 

. panfion A3' greater at the beginning $ or otherwife, bjr 
fuppofing its force 'to be greater, but that, when in- 
clofed and in. ppnta£t with red-hot metal, the powder 
is decompofed in another way without explofion. Ex- 
periment muft, however, determine. From various 
experiments upon this dangerous compound, it is as- 
certained that it is an ammouiacal oxi-muriate of gold. 
The explofion depends on the muriatic acid feizing 
the oxigen, and thus reducing the gold to its metallic 
ftatc, while the fimple muriatic acid in return be- 
comes eppverted into oxigenated muriatic acid? This 

^cid meeting with the nafcent ammonia detonates,, in. 
which cafe part of the oxigen of the oxigenated muri- 
|tic acid joins tp the hydrogen of the ammonia, and 

M 3 pro- 
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produces water, the nitrogen of the latter being fit 
free ; hence the produfts of the detonation of this 
compound feem to be metallic gold, muriatic acid, 
water and nitrogen. 

▼ Tin,- either diffolved in nitro-muriatic acid, br in 
fubftance, added to a folution of gold, precipitates the 
jgold in the form of a beautiful purple powder, called 
tte purple powder of Caffius, which fe of ufe in 
enamels, as it gives a fine tinge to glafs. The pre- 
paration of this powder, and the production of : a clear 
ruby coloured glafs, require peculiar tnanagemiftrit. 

w Volatile oils, charcoal, and more particularly ether, 
take gold froth its folvent, but no other' metal. If the 
ether be left to evaporate, by imperfedly clofihg the 
phial, the gold falls in its ipetallic ' form, no longer 
fbluble by the acid beneath, Thefe methods purify 
gold from all admixtures. 

x Alkaline fulphurets combine with gold ih the <Hy 
way into a mate, diflblvable in water. 

y The imaginary value of gold probably originated 
in its property of bearing the aftion of the air, arid 
all other liquids commonly met with, without tarnifll- 
ing or rolling 5 to which value, no doubt, its great and 
almoft inimitable fpecific gravity has contributed. 
• The gold coins of Britain confift of eleven parts 
gold to one of copper. The alloy is required to give 
the neceflary hardnels. 

z Pladna has been found hitherto only in a metal- 
* lie date in the gold-mines* in Peru. It comes over 
in the form of grains, intermixed with ferruginous 
Tand, plufftbage, and quartz. The grains that re- 
main, 
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msAri) after the mod magnetical and other particles 
have been feparated, are of a whiter colour than iron* 
Thefe contain a considerable portion of iron, swd 
Jiave a fpecific gravity of 1 6 or 18. To purify i& 
it muft be repeatedly boiled in muriatic acid, then 
wa(hed,,and difiolved in nitro-muriatic acid; to thia 
the pnrfliatc of potafh is to be added till it ceafes to .; 
precipitate any iron ; the clear folution being decanted 
off, the addition of muriate of ammonia will throw 
down the platina, which may be fufed in the moft 
violent heat of a furnace. No other metal is precipi- 
table by this fait. 

Platina thus purified, is by much the heavieft body b 
in nature (17, w). It is very malleable, though con- 
fiderably harder than either gold or filver. Its colour 
is not diftinguilhable from filver on the touchftone. 
When in the higheft degree of purity it is not mag- 
netical; but when its fpecific gravity is as law 9s 
(21*36, it ftill contains iron fufficient to render it fiif- 
ceptible of the magnetic touch, and obedient to a 
ftrong magnet *. It is foluble only in nitro-muriatic 
acid, and is not afted on by fulphur. Mercury does 
not combine with it in a direft manner. It with- 
, ftands cupellation. 

Platina unites with moft of the other metals, and c 
with phofphorus. It is oxidated by the galvanic 
(park. 

Silver is the whiteft of all metals, foluble \n dilute d 
nitric acid, and in a mixture of fulphuric and nitric 

* See the fe&ion on Magnetifm. 

M 4 acid 
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acid by the afliftance of heat. It is precipitable freKft 
either of the firft mentioned acids by the addition of 
muriatic acid, which combines with its oxid, and forms 
an infoluble compound, called muriate of filver. Its 
malleability, compared with that of gold (231, y), is 
•nearly in proportion to its fpecific gravity. 

£ *' s Native filver is fouhd in a great variety of forms, and 
imbedded in various earths, generally alloyed with other 
metals. Some of the maffes have been found of the 
weight of fixty pounds. The greateft quantity of this 
metal comes from Peru. 

p The ores of filver are very numerous. Sulphur, 

- arfenic, muriatic acid, iron, copper, antimony, are the 
fubftances that feverally or colle&ively, in greatet or 
lefoprofXHtions enter into their compofition. 

« . The folution of filver, in the nitric acid, affords 

-nitfatfc of filver, in fmall cryftals. This fait detonates 

^when heated with combuftible matters, but fufes in a 

'moderate heat, without addition into a dark coloured 

ntelfs, ufed by furgeons as a cauftic, under the name 

of lapis infernalis. 

h Muriatic acid, or common fait, being added to a 
folution of filver, the filver falls down in combination 
with more than its weight of the muriatic acid. 
This compound melts in the fire, at a low red heat, 
and if cad into thin plates, is femi-tranlparent, and 
fomewhat flexible like horn; whence its name luoa 
cornea. If carefully prepared, it proves clear, and 
is fuppofed to h^ve given rife to the notion of malle- 
able glafs. A greater heat does not expel the acid, 
but the whole concrete either rifes in fijmes, or paffes 

- through 



SILVER. 169 

through the pores of the vcflel. As the muriatic acid 
throws down only filver, lead, and mercury, and the 
latter two of thefe are not prefent in filver that has 
pa(Ted the eupel (136, r) though a froall quantity 
of copper may elude the fcorification in that procefs, 
the filver which may be revived from muriate of filver 
is purer than can be eafily obtained by any other pro- 
eefs. It is reducible by trituration with double its j 
own weight of potafli or foda; ; and afterwards melting 
the whole in a crucible, whofe bottom is .covered with 
foda well prefied. 

The property of filver of forming a fcarcely folu- k 
ble compound, with muriatic acid, affords a good -teft 
for detefting the prefence of fmall quantities of that 
acid, containing it in any liquid. For by dropping the 
folution of filver in nitric acid into fuch liquids, a 
cloud, of a curd-like appearance, will be immedi- 
ately formed by the combination of the oxid of 
filver with the muriatic acid, if prefent. This property l 
alfo affords a method of purifying the nitric acid 
(184, o) from the muriatic acid which it generally 
contains. 

Silver is not corroded by the aftion of the atmo- m 
fpherej but is very apt to tarniftxand grow black by 
expofure to fulphureous vapours. 

Sulphur, and alfo alkaline of fulphurets combine n 
with filver in the dry, and in the humid way. ; 

The fulminating compound of ammonia with oxid 
of filver, exhibits one of the moft aftonifhing inftances 
qf chemical detonation hitherto obferved. Its pro- ♦ 

perries 
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perries were difcovered by gertholkt*. Pure fih$r 
is diffolved in pale nitric acid, and the oxid preo*. 
picated by lime- water. After decantation of the fluid, 
the precipitate is expcied to the air for three daj» 
to dry, in which the inventor thinks the prefence of 
fight is requifice, Th^s dried oxid beiog agitated or 
(Hired in a folution of liquid ammonia, afluroes the 
form of a black powdef which, when feparated by do- 
cantation, and dried in the air, is the fulminating Giver* 
The alkaline fluid likewife contains, a portion of filver 
in folution, which may be feparated by evaporation, aqd 
cooling fo far as to afford cryfials, which alfopofiefs 
the detonating property. 

Gunpowder and fulminating gold are not to be 
compared with this new product, for the firft re* 
quires ignition, and the latter a perceptible degree 
of heat to produce detonation. But the flighted agir 
tation or contact is fufficient to caufe the filver to 
explode. When once obtained, it can no more be 
touched. Even the falling of a drop of water uppn 
it produces the explofion. No attempts can. there* 
fore be made to enclofe it in a veflfel. None but 
metallic veflels can be ufed in the latter part of the 
procefs. The fefe'ty of the operator will be endan- 
gered if any quantity exceeding a grain of filler be 
ufed, and even in (his cafe it is proper that his face 
fhould be defended by a maik, with apertures for the 
eyes covered with ftrong glafs. „ 

* Journal de Phifique, June 1788. 

The 
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The theory of this detonation is the feme as that of 

•falminatittg gold. 

It is a valuable dHpovery of Mr. Kier*^ that a 
mixture of ftrong fulphuric acid with the nitrous acid 

Mfr nitrate of potafh is a powerful folvent of filver, 
though it fcarcely ads upon the metals. This is of 
confidcfable importance in the Birmingham manufac- 
tures, where the filver in the cuttings of placed copper 

* is' required to be feparated from this laft metal. For 
thfe purpofe the pieces of metal are put into a glazed 
earthen pan/ and a composition of eight or ten pounds 
ti fulphuric acid, with one pound of nitrate .of potato, 
is poured upon them, ftirred about, and the a&ion of 

; the fluid affifted by a heat between iotf and 200 
of Fahrenheit. When the liquor is nearly faturated, 

! the filver is to be precipitated by common fait, which 

-may be eafily afterwards reduced, orothcrwife the 
filver may be precipitated in its metallic ftatc, by 
adding to the Solution -a few of the pteoefi of copper 
and a fufficient quantity of water, which, enables the 
liquor to aft on the copper. 

Silver is changed into a grey oxid by long and vio- 
lent heat, the galvanic fpark inftantly caufes it to burn 
with a greeniih white light. 

It waftes but (lightly with the acidifiable tnetab and 
iron; but combines readily with mod of the reft of the 
metals. 

Moft of its oxids are blackened, or pardy reduced 
by light, heat, and hidregen gas. They are foluble 
in liquid ammonia. 

* Phil. TVaof. 1780, p. 367. 
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o Pure filver, Kke pure gold, is too fofc , to be nled 
for ordinary purpofes without alloy. In the Brittfji 
coinage fifteen parts of filver are alloyed with one 
of copper. v 

. cl Mercury or quickfilver is a metal of a bluiih while 
colour, very little fufceptible of tamifiung by ex- 
pofure to the ait It is always fluid at our tempera- 

- cures, but becomes folid at 40 F. Its volatility is fuch 
that it' is driven off by actual ebullition, at a tempera* 

,ture (127, *) which the greater part of the other pe- 
tals fuftain without melting. In its folid ftate<it*»is 
malleable. Its .fpecific gravity ( 1 7, w) is 3^563^ Uy 
a heat, nearly ^ fbfficient to caufe it to rife quickly <"in 
the vaporous form, it is oxidated provided the^aocisfi 
of atmofpherical or oxigetf gas be allowed* ?Thls 
oxid improperly called pcrcipitate per fe, is' of a tfcd 

' colou/, abd refumes its metallic form by mere indredie 

•of heat, at the fame time that it gives out oxigen gas. 
Native 'mercury is frequently found, but perhaps 
never free! from metallic alloy. It is alfo found mine- 
ralized, in the formofa, red oxid, or combined with the 
fulphuric or marine acids, or with fulphur. This lad 
U called native cinnabar. It is of various colours, 
from a yellowifti to a deep red, and is very ponderous. 
I n clofe veflels it fublimes without any other alteration 

-than being deprived of its impurities; in open veflels, 
v with fufficient heat, it is decompofed. The mercury 
is obtained from it by diftillation, with the addition of 
fome fubftance that will combine with, and dqain the 
fulphur ; for which purpofe iron or lime is commonly 
made ufe of. Put if calcareous earth be mixed with 

or 



of abound in the ore, no other addition is requjfite. r 
The pigment called vermilion, is an artificial cinnabar, 
produced by combining mercury with fulphur by tri- 
turation and fublimation. One hundred parts of cinna- 
bar contain eighty-five of mercury, and fifteen of ful- 
phur. It was until lately fuppofed to confift of 
red oxid of mercury and fulphur, but Proud * has 
afcertained that it contains metallic mercury and ful- 
phur in the proportions here ftated. 

Mercury is judged to be pure when it is perfeftly w 
fluid, and runs in neat globules, without any pellicle 
on its furface, or without foiling a funnel of clean 
white paper, through which it may be poured by a 
very fmall aperture at bottom. If it leaves nothing x 
behind after evaporation, its purity may be ftill more * 

depended on. For purpofes where the utmoft purity 
is required, the mercury may be triturated with pul- 
verized fulphur, till it difappears. by uniting with that 
fubftance in the form of a black powder, with this may 
be mixed twice the quantity of quicklime or filings of 
iron, and the whole being fubmitted to diftillation, 
the mercury will rife, and pafs into the receiver. Duft, y 
and other fuperficial impurities, are removed by prefling 
mercury through a leathern bag. 

The concentrated fulphuric acid, by boiling 
combines with mercury into a white mafs, which 
by the effufion of a fufficient quantity of hot water, 
becomes of a citron colour. It is fcarcely at all 
foluhle in water, and is known in medicine by the 

* Joura. de PhyfJII. Q2, 

the 
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the name of turbith mineral, or yellow fub-i 
mercury* 

% Nitric acid diflblves mercury very readily, aatf 
affords, by cryftallization, a fait called nitrate of mer* 

. cury. If this fait, which is white, be expofed to h&fe* 
k becomes yellow, thep orange coloured, and, laftly, 
red, ii» which ftatc it is found not to differ from red 
oxid of mercury (^43, r, ittei o)* 

Mr. Howard has difcovered that mercury and moft 
of its oxids > when treated with nitric acid and alcohol 
are converted into fulminating compound $ his method 
of preparing fulminating mercury is as follows : 

Difiblve 100 grains of mercury with heat in a mea~ 
fured ounce of nitric acid; pour this folution cold upon 
two meafured ounces of alcohol; apply a very mode- 

. rate heat till an effervefcence is excited. Colled, the, 
precipitate which is formed after the effervefcence ha$ 
ceafed, walh it immediately, and fuffer it to dry at a 
heat not exceeding 2ii a . This powder when ftrucls 
or) an anvil explodes with a loud report. The (hock of 
an cle&rie > or galvanic battery fent through it prp~ 
duces a fimilar effeft. From a feries of well con* 
du&ed experiments Mr. Howard concludes th^t it con- 
fids of oxid of mercury, oxalic acid, and nitrous ether- 
ized gas*. 

a Sulphuric acid, Added to a folution of mercury 
in nitric acid, feizes the metallic oxid, and falls to tfyer 

* Pb*l, Tranf. 1800. p. 214. 

bottom j 
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bottom ; forming the faint combination as would have 
been produced by the dire& folution of mercury in the 
fulphuric acid (245, y). The affufion of boiling wai- 
ter converts it into yellow fub-oxid of mercury. 

Muriatic acid does not diflblve mercury, though it b 
readily unites with its oxids. Thus, when mercury is 
oxidated by nitric acid, in which it is difiblved, the 
muriatic acid being added, immediately frizes the oxid, 
and forms muriate of niercory, a fait of difficult folu- 
bility, which falls to the bottom. If the muriatic acid c 
be added to a folution of no greater quantity of mer- 
cury in nitric acid, than could be difiblved with cffer- 
vefcence, the precipitate will be a fait of fparing fohi- 
bility in water, and highly corrofive, known by the 
name of muriate of mercury or corrofive fublimate. 
But if the nitric acid be loaded with as much tner- d 
cury as' it can take up, and muriatic acid be added, the 
precipitate will be mild, and fcarcely at all foluble id 
water, and is then called mercurius dulcis, or calomel. 

Thefe, however, are not the ufual methods of pre- s 
paring thefe felts. Corrofive muriate of mercury is 
made by a variety of methods,' all which tend to com- 
bine the muriatic acid with the oxid of mercury. If 
the white faline mafs, produced by combining the ful- 
phuric acid with mercury (245, y), be triturated with 
an equal weight of fea-falt, and expofed to heat in a 
cucurbit (119* x) the fulphuric acid quits the oxid of 
mercury to combine with the alkali of the fait, while 
the muriatic acid thus difengaged unites with the mer- 
curial oxid, and forms the corrofive fait required. 
This is fublimed by the heat, in a white mafs, cryftal- 

lized in the form of needles. 

6 Corro- 
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f Corrofive muriate of mercury, triturated with mer- 
cury, abforbs or unites with a quantity about two- 
^ thirds of its own weight. Sublimation renders the 
. union more perfaft, and affords fweet muriate of mer- ' 
cury, or the rtiercurius dulcis of the (hops. 

The oxiginated muriatic acid dire6Hy attacks and 
oxalates mercury, which ic converts into c&rrofivc 
fubiimate. 

h Mercury combines with almoft affl metallic fofr- 
ftances, and communicates to th£m more Or lefs 
of its fufibility. When thefe metallic mixttites con- 
tain enough of mercury ta render 'them foft in a 
mean temperature, they are called amalgams or alloys* 

1 Lead is a white metal of a confiderabje blue tinge, 
not fubjeft to be much corroded by expofurc to air 
or water, though the brightnefs of its furface, when 
cut or fcraped, foon goes off. It is very foft and flexi- 
ble ; not very tenacious, and confequently incapable 
of being drawn into fine wire. Under the hammer 
it Is eafily extended into thin plates, but its properties 
have not induced workmen to fubje<5t it to the fame 
trials as gold, filver, and copper, and therefore its 
comparative malleability ,is not known. Its fpecific 
gravity is u>352. On the fire it melts long before 
ignition, at about the 540th degree of Fahrenheit'* 
thermometer, at which period rt begins to be oxi- 
dated, if air be prefent. In a ftrong red heat it boils 
and emits fumes. If melted lead be poured into a 
box, previoufly, rubbed with chalk, to prevent ad- 
.hefion, and continually agitated, it will concrete into 
feparate grains, of considerable ufe in a variety of me- 
chanical 
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chanical operations $ or if it be poured into a mould, 
and turned otic at the inftant of cooling, a blow with 
th£ hammer will break the mafs, and the fymmetrical 
arrangement &f the internal parts will be feen* 
. It forms alloys with arfenic, bifmUth, antimony, 
mercury, tin, and zinc. It is foluble in mod of the 
acids. It unites by fufion with phofphorus and ful- 
phur. - 1 

The ores of lead are molt commonly found rfmong t 
earths of the calcareous or barytic kind. Oxids of 
lead, or calciforrti lead-ores, are either tranfpareriH or 
opake fpars, or pulverulent, of ochreous maffes df a 
ttddifh or brown colour. They are reducible by fu-~ 
fion wirh combuftible matters. Lead is alfo fourtd 
mineralized by the fulphuric and carbonie acid* 
Combined with the phofphoric acid it forms the ore 
Called phofphate of lead, of a grcenifh colour* 
Sulphur is the ufual mineralizcr of lead. Of thefe •■ 
the iiilphuret of lead galena, of potters ore, is the 
ineft common. It is of a lead colour, but darker, 
and is for the moil part formed in cubes of a mo- 
derate iize, or grains of a cubical figure, wkh the 
corners cut off; its texture being granular. When 
antimony enters into the compofition, the texture is 
radiated or filamentous. There are alfo pyritous and 
red arfcnical lead ores, but the latter is very fcarce. 
The fulphurets of lead frequently contain filvcr. It 
is not indubitably eftabliftie^ that native lead has ever 
been found. 

By oxidation, lead is converted into a duflcy powder m • 
called grey oxid of lead, or plumbum uftum; a 

Vol, II. < N longer 
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longer continued heat, with accefs of air, renders it 
yellow, this product is called maflicot or yellow oxid 
of lead, and after fome days, of a bright red, called 
minium, or red oxid of lead. The heat for this pur* 
pofe mud not exceed a certain degree. A greater 
heat converts the oxid, by degrees, into a yellow 
flaky oxid, called litharge or femi-vitreous oxid of 
lead j and by a moderately ftrong fire, it runs into a 
yellow tranfparent glafs, which powerfully difiblves 
metallic oxids (236, r); and unlefs combined with, 
thefe, or earthy additions, corrodes and pafies through 
common crucibles. This glafs alts more ftrongly on 
iiliceous than on argillaceous earths, and is a princi- 
pal ingredient in fkie white glafs. The oxids of lead 
decompofe muriate of foda, and muriate of ammonia. 
Two parts of muriate of ammonia, and one of red 
oxid of lead, fufed together, forms the beautiful pig* 
ment called patent yellow. Common fait may be fub- 
ftituted for muriate of -ammonia. ' 

Sulphuric acid, by boiling, combines with lead into 
a feline mafs, called fulphate of lead. Nitric acid 
unites with it nitrate of lead, which is a cryftallizable 
fait. The fulphuric acid, added to a folution of lead 
in the nitric acid, feizes the oxid, and falls to the bot- 
tom, forming the fame compound as would have been 
produced by diredt folution of tead. The muriatic 
acid, in the fame manner carries down the lead, and 
forms a combination called muriate of lead, plumbum 
corneum, which is more foluble in water than muriate 
of filver. If, therefore, a lead ore be affayed for lead 
and filver, the folution of the ore in nitric acid may 

be 
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be precipitated by adding to it muriatic acid* both; 
thfe filvcr and the lead will be precipitated, but the 
oxid of lead may be feparated from the oxid of filver. 
By a more copious ablution in water, the .water dif- 
folves the oxid of lead and leaves the oxid of filver ; - 
Or the filver may be feparated by liquid ammonia, 
which difiblves the oxid of filver and leaves the oxid 
•'•of lead (241, »). 

The muriatic acid a&s direftly on lead, by boiling* o 

The acetous acid diflblves lead and its oxids. p 
White lead, or cerufe, .is made • by rolling leaden 
plate fpirally up, fo as to leave the fpactf of an inch 
between each coil, and placing them vertically in 
earthen pots, at the bottom of which is forrte good 
vinegar. The pots are to be covered and expofed 
for a length of time to a gentle heat in a fand bath* 
or by placing them in dung. The vapour of die 
vinegar, attaches itfelf to the furface of the plates, 
and corrodes them, by that means reducing them into 
cerUfe, which comes off in flakes when the lead is 
uncoiled. The plates are thus treated repeatedly, till 
they are corroded through. 

By folution of this compound in acetous acid, a q^ 
cryftallizable fait, called acetate of lead, or fugar of 
lead, is obtained, which is the fame as would with lefe 
facility have been procured by diflblving lead diredlly 
in that acid. From this folution lead may be precipi- 
tated in a metallic date by zinc. 

Lead precipitates filver and mercury from their 
folution, in nitric acid. If muriate of mercury and 

-" N 2 granu- 
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granulated lead be diftilled together, mercury will pafi 
over, and muriate of lead remain in the retort. 

r Sulphur readily combines with lead, by the affift- 
ance of heat, and forms a compound, fimikr to the 
fulphurcous lead ore. 

s Oils and fats have a ftrong aftion on lead and 
its oxfck. Litharge, or any of the other oxids of 
lead are eopioufly and entirely foluble in oils by 

■ boiling* which are thetcby tendered thicker, and 
more drying* Linfeed oH, thu* impregnated with 
Ktharge, is much ufed by painters, under the name 
of drying oil. Many of the plafters ufed in forgery 

. have for their bafis oil thkfkcned by boiling with oxid 
6f lead. 

t Lead in its metallic ftate unites with moft me- 
tals* The alloy, called plumbers folder, confifts of two 
parts of lead and one of tin. Lead may be fcparated 
froto ifiopper by eliquation, or melting by a heat toa 
low tofufe the copper* It altogether rejefts iron. 

v Coppef is a metal of a peculiar reddHh brown 

/ colour, fubjeft to tarnilhi it grows black by long 
expofure to the air; and eafHy ruffs by moifture. 
ft is of very considerable hardnefs, tenacky, ducti- 
lity, and malleability: and its elasticity is greater than 
that of any metal, except iron. From this lad pro- 
perty, maffes of this metal emk a loud and Jading 
found when ftruck, and that, more efpeciaBy, when of 

v a proper figure (68, w). At a degree of heat, fer 
below ignition, the furface of a piece of policed cop- 
per becomes covered with various ranges- of prifmatic 

colours, 
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colours, the ted of each order being neareft the end 
which has been rooft heated ; an effed, which muft 
doubtlcfs be attributed to oxidation* the ftratum of 
oxide being thickeft where the heat has been grcateft, 
and gradually thinner and thinner towards the colder 
part (i, 280). A greater degree of heat oxides 
this metal more rapidly, fo that it contrails thin 
powdery fcales on its furface, which may be eafily 
rubbed off, the flame of the fuel becoming at the 
fame time of a beautiful green or bluifli colour. 
In a ftrong white heat, greater than is necefTary to w 
melt gold or filver, it melts and exhibits a bluifli 
green colour. 

Copper is fometimes found native. Its ores are x 
either calciform, or oxids of a red, blue, or green 
colour, or fulphurets* with more or lefs of iron, ar* 
fenic, or zinc. It is alfo found mineralized by fulphu- 
ric or muriatic acids (178, w). Copper is extracted 
from its ores by repeated fbfions and rbafting, by 
which the fulphur is driven off, and the other me- 
tals fcorified. Lead is an ufeful addition for depriving* 
it of the laft portions of fulphur. Silver is extracted 
from copper by eliquation (250, t) with lead, which 
carries the filver down with it. This procefs cannot 
however feparate gold from copper. When the ' 
quantity of gold is fufpecled to be too ' fmall to be 
advantageoufly recovered by tefling, (236,11) it may- 
Bfe extra&ed by pulverizing the fulphurated copper, 
fulphur being added if required, and grinding . the 
mafs with mercury, which amalgamates with the gold 
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Its fpecific gravity is between 7,788 and $,584, 
.at a high temperature it burns with a green flame. It 
takes fire fpontaneoufly in oxiginated muriatic acid 
gas. The galvanic fpark inflames it. It combines 
with phofphorus and fulphur. 1 

y Sulphuric acid, highly concentrated and boiling, 
diffolves copper, and by evaporation affords blue 
cryftals (178, v) of fulphate of copper. By cetnenta^ 
tion of copper with fulphur, part of the mafs becomes 

foluble in water, and affords the fame fait. 

* 

% Nitric acid diffolves copper with great violence, 
and forms a deliquefcent fait, called nitrate of copper. 
The folutton is blue, as are alfo the cryftals. This 
fait, dried and rolled up in tin- foil takes fire fpontane* 
oufly. 

a Muriatic acid likewife diffolves this metal, and 
forms a deliquefcent fait, called muriate of copper. 

b Verdigris or acetate of copper is made by ftratifying 
copper plates with hufks of grapes after the juice has 
been preffed out, the remaining acid forming this fub- 

c fiance by oxidating the metal. Verdigris rediflblved in 
diftiiled vinegar and purified from adhering impurities, 
when cryftallized, is impropely called diftiiled verdi- 
gris, i . 

* Acetate of copper may be deprived of its acid by 

£ diftillation with fulphuric acid. The acetous acid, 
thus recovered, is called radical vinegar (217, a). 

f When copper may be feparated from any acid by 
the addition ' of ammonia,, if the ammonia be added 

m 

jn greater quantity ths(n is fui$cient for (he purpofe, 
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the alkali rediflblves the oxid, and gives the liquor a 
blue colour. 

Liquid ammonia diffolves copper, if the acccfs of o 
air be permitted. The folurion is of a fine blue, and 
yields on evaporation, a faline mats of the fame colour* 
It is obfervable that the ammoniacal liquid remains 
colourleis while the air is prevented from communi- 
cating with its furface, but that , the blue colour ex- 
tends gradually from the furface downwards, when the 
veffel is opened. A circutnftance well explained from 
the confederation that the oxigen of the air combines 
with the copper and oxidates it, in order to render it 
foluble in the ammonia. ' 

Copper mixes with the other metals. The com- H 
pofitipns moft generally in ufe, in which copper enters 
. as the principal part, are. brafs and bell* metal. 

, Brafs is compofcd of copper and zinc. According i 
to the proportion of zinc, the brafs is pf a yellower and 
paler colour than copper, and when the zinc greatly 
abounds it is white. Brafs is very duftilc and mal- 
leable when cold, but brittle when hot. It is harder, 
more fonorous, and not fo liable to ruft as pure cop- 
per j and is alfo more fufible, and left fubjeft po fco- 
rify in a moderate heat. TJiefe properties, added • to 
the beauty of its colout, render it a very valuable 
material in the arts. 

The fineft brafs, is hot made by the fufion of cop- k 
per and zinc, but by the cementation of granulated 
copper with pulverized calamine and charcoal. The 
calamine which is an ore containing zinc in an oxi- 
dated ftate, parts with its zinc in the form of vapour 

N 4 when 
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when revived by the charcoal i and this volatile metal 
combines with the coppef . The procefi lafts eight or 
ten hours, or even fotfte days, according to the quality 
of the calamine, at the end of Which, by an incrcafc 
of heat for a ihort time, the brafs is fufed into a mafs 
at the bottom of the crucible. The quantity of zinc 
in good brafs, may be about one third, 

Bell-metal is compofed of copper alloyed with 
tin. According to the proportion of tin the com* 
pound becomes paler than copper, and when the tin 
amounts to one third of the mafs, it becomes of a very 
beautiful yellowifh white. It is remarkable that zinc, 
which is fcarcely at a)l malleable, fhould unite with 
Copper into the malleable compound brafs s and on 
fhe contrary, the two malleable metals, tin and copper, 
compofe bell-metal, which is fo britde, that it may be 
reduced to powder. 1 he fpecific gravity of bell- 
tnetal is a circumftance equally Angular ; for in raoft 
proportions of the mixture it is about as heavy as the 
heavieft of (he two metals, copper ; and when th* 
tin is abopt one third, its denfuy is a&ually greater 
than that of copper *. The extreme hardqefs and 
fonoroufnefs of this compound, together with its being 
lefs fubjedb to alter by expofure to the vicifiitude$ 
pf the air, than any other cheap metallic compound 
pofeffing the fame properties, have recommended it 
in the fabrication of various utenfils and articles ; as 
Cannon, bells, ftatues, &c. in the compofyion of which, 
o;her metals, however, are mixecj in various propor* 

* Lewis on Newman, l, g£, 

7 VWh 
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tiom, according to the fancy or the experience of the 
artift. 

The attention of the philofopher is more partial- it 
larly dkeded to the mixture of copper add tin, ort 
account of its being the fubftance of which the fpecu* 
lums of reflecting telefcopes are made. For this pur- 
pofe there is required a metal capable of an exquiGte 
polifli, hard enough to receive and retain a figure ac- 
curately fuited to the regular rcfie&ion of light, and 
not fubje& to lofe its polifh or figure by the a£Hon of 
air and the vapours ufuaily floating therein* Such a 
compofition, it muft be confefied, is ftifl a defidpra- 
turn i but the experiments and pra&ice of the beft ar- 
ttfts (hew, that pure copper alloyed with pure tin, af- 
fords a metal equal at If all to moft of the lefs fimplc 
mixtures given in books. As to the proportions, it 
is found that a fmall addition of tin renders the colour 
v of copper whiter, and at the fame time hardens it con- 
fiderably. Thefe effefts are more and more prevalent 
while the dole of tin increafes as far as 4 certain point, 
Fourteen ounces and a half of tin to two pounds of 
copper, is a good compofition for mirrors. One third n 
part $in produces a whiter colour, but is too hard to 
be worked in the ufual methods of grinding* If the a 
dofe of tin be greatly increafed, a foftcr metal of a 
hhjifh white colour, is obtained, which bears and retains 
? good polifh and figure, but does not feem equal to 
the yellowHh white. Some care and attention are re- 
quired in cutting mirrors* that they may not prova 
full of microfcopic pores by the intermixture of oxid, 
for this mefal is cafily reduced to ap osid, and burn* 

with 
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p with a purple flame in a ftrong red heat. To prevent 
this, the copper muft firft be fufed in a melting-pot, 
larger than fufficient to contain the whole, and whofe ' 
vpper part is filled with pulverized charcoal, and the 
tin afterwards added ; and when the mixture is com- 
pleted, the whole muft be fuffered to cool, nearly to 
concretion, before it is poured. out. Or, which is (till 
better* it may be poured out and again melted with a 
low heat, fuch as is merely fufficient for the purpofe. 
Among various pieces call out of the fame fufion, the 
latter proved always cleaner, better adapted td the 
mould, and of a more uniform texture when poliQied* 
The quantity of about one fiftieth part of arfcnic added 
at the laft fufion gready improves the denfity of the 

xpetal. 

q^ Iron is a rpetal of a bluilh white colour, more or 
lefs dark in various fpecimens, fubjeft to ruft by ex- 
pofure to ak and raoifture. Its tenacity, ductility, and 
malleability are very great ; and it exceeds every other 
metal in elafticity and hardncfc. The appearance of 
prifmatic colours (251, v) on its poliflied furfyce takes 
place long before ignition. It may be ignited by a 
quick fucccflion of blows with a hammer. Struck with 
a flint it emits decrepitating ignited particles,, fuch as 
can be obtained from no other metal by the famq 
means. It is eafily oxidable by fire, but is absolutely 
infufible when pure. It burns vividly in oxigen gas, 

r Ir*a white heat, iron appears as if covered with a kind 

. of varnilb, and in this ftate two pieces applied toge* 

ther will adhere and may b$ perfe&ly united by forg- 

• ing. . This operation, which is peculiar to iron and 

platina! 
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platina, is called welding. Iron is thought to be 
the only fubftance in nature that has the property of 
becoming magnetical. Such other bodies as have that 
property, poflefs it in a very flight degree, and it may 
arrfe from iron contained in them, as far as experi- 
ments have yet unequivocally (hewn. 

Iron is more abundant and more univerfally diffofed 9 
$han any other metallic body. Few lands, clays, (tones, 
pr waters of rivers, fprings, rain, or fnow are perfe&ty 
fuec from it. The parts of animkl and vegetable fub- 
ftances have been alfo obferved to contain it. Native 
malleable iron has been found, though rarely. Its ores 
fire cither purely calciform or oxids, as in ochres and 
haematites ; or the calces are mixed chifcfly, with earths, 
as iq fpars, jafper, boles, bafaltes, micas, &c; or the 
icon is mineralized with fulphur, forming fulphurets, N 
^*s ill pyrites, .(-171, c) with- arfenic in the white 
pyrites,vor with both ; with bitumen in the coal ore? 
or combined with the fuiphuric acid kr native vitrioi 
or fulphate of ir An. " . 

The ores of iron, after roaftihg, are fmelted in fafc t 
naces pf Various magnitudes and forms. Some are 
thirty feet in height, their internal (hape being nearly 
the fruftum of a cone, whofe larger bafe is uppermoftl 
Near the bottom is an aperture, for -the inferjion of 
the pipe of large bellows, worked by water, or of other 
machines for producing' a current of air, and alfo holes 
to be occafionally opened to permit the fcoria and the 
metal to flow out, as the procefs may require. Char-* 
coal or coke, with lighted brulhwood/ i$ firfli thrown 
in* and when the whole infide' of the furnace has ac- 
quired 



1 



f 91 CAST IRON. STEEL. 

r 

' quired a ftrong ignition, the ore is thrown in by fmall 
quantities at a time, with more of the fuel, and com- 
monly a portion of limtf (tone, as a flux. The 7 ore 
gradually fobfidca into the hotteft part of the furnace, 
where it becomes fufed, and the metallic particles re* 
vived by the coal pafs through the fcoria, and poflefi 
the tower place. The quantity of fuel the additions, 
and the heat, muft he regulated in order to obtain iron 
of a good quality ; and this quality muft like wife, in 
the firft prbduft, be necefiartly different, according to 
the nature of the parts that compofe the ore* 

ir The beft caft iron, or iron as much freed from he- 
terogeneous matters as the ufual procejs of (melting 
can cffe£fc it, is fcarcely at all malleable, and not lb 
hard, but that it may be filed and turned in a lathe* 
If this be kept in fufion for a confiderabk time, it boiis, 
and much fcoria is feparated ; and by repeated blows 
of a large hammer on the mafs, when nearly at the 
melting heat, more extraneous matter is forced out, and 
it is rendered malleable. In this date it is much (bftec 
than before, and of a fibrous texture. 

w Steel is iron combined with carbon ; it is foft, touglf, 
and malleable. It is harder than any of the metals 
when heated, and if fuddenly cooled; it becomes ftill 
harder, more elaftic, lefc pliable, and brittle, but when 
heated again and cooled flowly, it becomes again, fofc, 
pliable, and duftile. It may be known chemically by 
letting fall on it a drop of nitric acjd, which produces 
on fteel a black fpot, whereas the fpot formed by 
pitric acid upon iron is a whitifh grey. The iron run 

from 
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from (bme German ores is found to be a good fteel* 
when forged only to a certain point. But fteel is 
ufoaliy made by cementation from the beft forged iron 
with matters chiefly of the inflammable kind. Two 
parts of pounded charcoal and one of wood alhes k 
eftcemed a good cement. If fmall iron bars are bedded 
feparately, or apart from each other, in this cement, in 
a dofed crucible, and kept in an equal red heat for 
eight or ten hours, at the end of which rime they are 
found to be converted into ftecL The proceis requires 
four or five days in the large way. If the cementation 
be continued too long, the fteel is brought to a ftate 
nefemtying caft iron, being rendered eseeffively brittle, 
incapable of being welded, and apt to crack and fly ia 

foiling. 

It is a valuable property of fteel* that though it isfef* 
fciently foft when gradually coded, to be formed with- 
out difficulty into various tods and anenfils, yet it may 
fee after wards rendered more or lefe hard, even to an 
tattrenic degree, by (imply plunging it, when bcated, 
into cold water. The hardnefs produced, is greater in 
proportion as the fteel is hotter and the water colder. 
The colours that appear on the; fur face of fteel (lowly 
heated, are yettowHh. white, yeUow, gold colour, 
purple, violet, deep blue, yellow ifh white, after which 
the ignition takes place. Thefe figns direct the aruft 
in reducing or tempering its hardnefs. Ignited fteel 
quenched in water, proves exce (lively hard and brittle, 
but it may be reduced to the required degree of foft- 
aeis by hearing it till it exhibits a known cok>ur. Soft 

fteel 
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fteel has a greater fpctific gravity than that which is 
hardened. 

y Crude iron, by cementation with animal coal, may 
be brought into a (late refcmbling (led, and capa- 
ble of being hardened by immeriion in water ; and a 
farther continuation of this procefs carries it beyond 
that point, fo that it refembks forged iron. But 
this management is much lefs effefltial than forging, 
probably becaufe the impurities of the crude iron are 
not removed by it. 

£ Tools and other articles wrought in forged iron, are 
often cemented with a compofition of burned leather, 
horns, or the like fubftanccs for a (hort time, by which 
a very thin ftratum of the external part is converted 
into fteel, and is hardened by, immeriion in water. 
This is called cafe- hardening. 

a The chief differences in iron appear to depend on 
the prefertce or abfcnce of carbon (169, v). When 
caft iron is diffolvtd in the fulphuric acid, a refidue 
remains untouched, which is found to confift chiefly of 
carbon, hydrogen gas being at the lame time extri- 

b cated (179, a). Steel in the fame circumftances af- 
fords- lefs carbon. Malleable iron, fimilarly v treated, 
leaves fcarcely any refidue. It is therefore feen that 
caft iron confifts of the mfetal combined with a great 
portion of carbon not fufficiently deoxidated to fuch a 
degree as. may be probably ncceffary (233, 1) in order 
to be capable of fuch an union. Steel is iron, com- 
bined with carbon : the proportion of the latter has not 
yet been accurately afcertaihed; it is faid to contain 

only 



VARIETIES OP iftOtf. j£i 

only a few hundredth parts of carbon. Pure forged 
iron is the metal itfclf alone. ' 

The iron obtained frpm various ores, or by va- c 
rious procefies; is found to differ in its qualities in 
feveral other refpe&s, the caufes of which have noj 
yet been fufficiently examined. In particular, the iron 
of certain ores, efpecially if the fufion in the fmehmg 
furnace has not been continued a fufficient time, has 
the quality of breaking in pieces under the hajntaer 
when ignited, but being malleable when . cold. This 
is called hot-fhort iron, and is fuppoftd to contain 
arfenic and fulphur. 

Such iron as contains the phofphoric acid, is mal- d 
leabk when ignited and brittle when cold. This h 
called cokl-fhort iron., . 

The fulphuric acid diffolves iron readily, and forms e 
fulphate of iron (178,. u). The metal of this fait 
while in folution is farther oxidated by the contaft of 
air, and is by that means rendered lefs ibluble in the 
acid (233, 1). A quantity of oxid, therefore, gradu- 
ally falls tothc bottom in" that cafe, and the liquor, as 
well as the cryftals, obtained from it by evaporation, 
are paler. * 

Dilute nitric acid diffolves iron and forms a faline f 
combination incapable of cryftallizing. , Strong nitric 
acid attacks and rapidly corrodes and oxides a conficjer- 
able quantity of the iron, which falls to the bottom. 

Muriatic acid likewife diffolves iron, and forms o 

a cryftallizable fait. 

■ ■ _ » 

The Pruflic acid combined with an alcaK precipi- h 

tates 
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fates iron from its folution* in the form of PruSiatt 
blue (208, w). 

X Galls and otber aftringcnt vegetables precipitate iron 
from its folution in the form of a deep blue or purple 
fecvla, of fo intenfe a colour as to appear black. The 
infufion of galls, and alfo the PrufSan alkali, are tells 
of the prefcnce of iron by virtue of she precipitates they 
throw down. Acids diffblve the black preeipitate 
caufed by galls i alcalis convert it into a brown oxid 

k A good and durable black ink may be made by the 
following directions: To two pints of water add three 
ounces of the dark coloured rough ikinned Aleppo 
galls in grofs powder, and of rafped logwood, green 
copperas, or fulphate of iron and gum arabic, each an 
ounce. This mixture is to be put into a Convenient 
vcfiel, and well fhaken four or five times a day, for ten 
or twelve days, at the end of which time it will be fit for 
trie* though it will improve by remaining longer on the 
ingredients. Vinegar inftead of water makes a deeper 
coloured ink ; but its aftion on gens foon fpoils them. 

1, Iron readily combines with fulphur. If a bar of iron 
be .ftrongly ignited and a roll of fulphur be applied to 

* the heated end, it will combine with the iron and form 
a fulphuret of iron, which will drop down. A veffel 
of water ought to be placed beneath, for the purpofe 
of receiving and extinguifhing it, as the forties would 
otherwife be inconvenient to the operator. It alfo com* 
bines with phofphorus. 

m If a mixture of five or fix pounds of filings of iron 
be moiftencd with a fufficient quantity of water to form 

a parte, 
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a pafte, it will in a certain time fwell* become hot, 
melt, fume, and even take. fire. The reGduum fur- 
nifties fulphate of iron; This procefs is (imilar to the 
decompofition of the martial pyrites. ' The water and 
air are neceflary to enable the acid to aft on the 
iron. 

• Iron may be allayed with all metals; except lead/ n 
The combination of iron with mercury may be ac- • 
tompliflied according to Dr. Arthur Aikin, by making 
firft an alloy of zinc and mercury with irtm filings, and 
then adding muriate of iron ; a decompofition now takes 
place, and there is produced a mtiriate of zinc and at! 
alloy of iron and mercury, which by kneading and the 
aid of heat a flumes a metallic luftre. A coating of tin 
defends iron J from rutting by the aftion of the air and 
other fol vents', and is accordingly much iifed j 

Tin is a metal of a ydlowilh white colour, not fub- o 
je& to ruft, though its fcraped or^poliftied furface foon 
lofes its brightnds. It is not quite fo (oft as lead, has 
not much tenacity, arid is the lead heavy of any of the 
metals. Its {pecific gravity is from 7.291 to 7.50a. 
Under the hammer it is beat into leaves of about the 
thoufandth part of ail inch in thicknefs, and might 
cfafily be beaten to lefs than half that thicknefs, if the 
purpofes of trade required it. ' Long before ignition, 
it melts at about the 410th degree of Fahrenheit's 
thermometer, &nd by continuance of the heat, flowly 
oxidates and becomes converted into a white powder. 
Xinj like lead, is brittle when heated almoft to fufiqn, 
and being broken by the blow of a hammer, exhibits 
a grained or fibrous texture. It may alfo be granu- 

Vou II. O lated 



lated by agitation, at the time of its paffihg from a 
fluid to a folid ftate (247, k). Its oxids rcfift fufion 
more than that of any other metal, and from that pro- 
perty it is ufeful to form an opake white enamel, when 
mixed with glafs in fufion. 

p The large ft quantities of tin are found in the county 
of Cornwall in England. It is alio found in Saxony, 
Bohemia, and the peninfula of Malacca in the Eaft 
ladies $ but rarely in any other countries in fufficienf 
quantities to pay the charges of working. Native tin 
isfcldom met with. The ores of tin are almoft al- 
ways oxids of that metal in a ttyftallized form, 
bedded commonly in a filiceeus matrix. Such are the 
white tin fpar, the opake brown or black ore, the gar- 
net, ore, which abounds with iron, and , the tin ftone, 
Thefe are 'all much heavier than any unmctallic fub- 
ftance. Tin has been found in Siberia, united with 
fidphur, forming tin pyrites. 

^ Tin ores, when impure, are deanfed from hetero- 
geneous particles by pounding and wafhing. A 
flight previous roafting renders the (tony admix- 
tures more friable $ and when arfenic is contained in 
the matrix, it is driven off by a ftrong heat, continued 
for a fhort iime, the ore being frequently ftirred to 
prevent its fufion. In the fmelcirig, care is taken to 
add a larger quantity of charcoal than is commonly 
ufed in other fufions ; and, to avoid a greater heat than 
is necefiary to reduce the ore, in Order that the lots of 
metal, which would otherwife happen t>y oxidation, 
may be prevented as much as poffible. 

R Concentrated fulphuric acid djitblvcs tin in\a boiling 

y hcac 
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heat. During the folutlon, fulphiireotis acid gas 
cfcapes. 

Nitric acid afts very powerfully oh tin* To ob- s 
tain a perfe6fc folution, the metal muft be added a very* 
Kttle at a time, and all heat avoided j for if much tin 
be put in at once, the oxidation takes place with great 
* rapidity and heat, and the metal falls to the bottom iff 
the form of a white powder, infoluble in acids (233. 1); 
and of difficult reduction. The fait, formed by the 
union of tin with the nitric acid, burns and fparkles in 
a red heat. 

If cry ftals of nitrate of copper (252, t) be grofsly T 
pulverized, moiftencd, and rolled up in tin-foil, the 
fait detiqiiefces, and the nitric acid begins ta aft ort 
the tin with heat, nitrous gas is emitted, and the tin 
takes .fife. 

Muriatic acid diffolves tin with the affiftance ofheat> u 
and afiprds cryftals by evaporation. If corrofivc fui>* 
limat$ be added to tin, divided by previous amalga- 
mation with mercury, the muriatic acid combines with 
the tin, and comes over by diftillation, in the form of 
a ftrong fmoking< liquid, or fuming oxtginated muriate - 
of tin, which if diluted with water, grows opake, and 
depofits oxid of tin. 

Nitro- muriatic acid diffolves tin dire&ly, and when 
loaded with that metal, .has. a gelatinous appearance*. 
This folution is ufcd by dyers for heightening the do- 
lours of cochineal, gum-lac, and fome other red tinc- 
tures, from a crimfon to a bright fcarlct, in the dying 
of woollens. 

Tin combines with fulphur by fufion, and forms a w 

O a brittle 
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x brittle mafs lefs fufiblc than pure tin. If the amalgam 
of tin, with % of its weight of mercury* be fet to fub* 
lime with \ part of fulphur and muriate of ammonia* 
each equal in weight to the mercury, the whole being 
previoufly well triturated with a little water, a fpark- 
ling gold coloured fubftance is obtained, which con- 
lifts of tin and fulphur, and is called aurum mufivam. 
The procefs is thus explained : in the firft amalga- 
mation and fubfequent trituration of the mercury and 
tin, both are partially oxidated. On heating this alloy in 
contact with muriate of ammonia and fulphur, the tin 
and muriatic acid decompofe the water, the tin be- 
comes oxidated at the expenfe of the oxigen of the 
water, and this oxid is- diflblved by the muriatic acid. 
The liberated ammonia of the muriate of ammonia 
* difiblves a portion of fulphur, and forms fulphuret of 
ammonia* which being difcngaged caufes the white 
fumes. Qn increafing the heat the muriate of tin \\ 
decompofed. The oxid of that metal combines with 
a portion of fulphur and forms the yellow fulphu* 
rated oxid of tin, or aurum mufivum. 
1r Tin unites with all the metals. Clean iron plates, 
dipped in melted tin, become covered with a thin 
coating of that metal, and form a very ufeful material 
for making wholefome kitchen utenfils,and other arti- 
cles. In performing this bufinefs it is found neccflary, 
cither to dip the clean iron previoufly in a.Wolution of 
rtiuriate of ammonia, or to keep the furface of the tin 
cohered with fat and pitch, in order that the appofi- 
tion of the two metals may not be prevented by the 
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film of oxid that the contact of air might form on their 
furfaccs. Thcfe plates, which poflefs the clcanlinefs of 
tin, added to the rigidity of iron, are much ufed. In 
England they are called tin plates. In the fame man* 
nor ft irrups, bridle-bits, buckles, &c. are tinned. 

Pewter is a compound metal, whofe bafis is tin. z 
Wtfe bed pewter confifts of tin allayed with a quantity 
not exceeding one twentieth of copper, or other me- 
tallic bodies, as the experience of the workman has 
(hewn to be moft conducive to the improvement of 
its hardnefs and colour. The inferior forts of pewter . 
contain much lead, have a bluifh colour, and are fdft. 

•TJfeful compounds are made with tin, and a large A 
proportion of copper.' 

Bifmuth is a ycllowifh or reddiih white fc mi- metal. 
It is fomewhat harder than lead, it is eafily broken, 
and even reduced to powder by the hammer. The 
internal face, when broken, appears compofed of large 
jhining plates, difpofed in a variety .of portions. It 
melts at the 460th degree of Fahrenheit. Thin 
pieces are confidcrably fonorous. Its fpeciSc gravity 
is 9.8*^. 

This metal is often found native. Its ores are either c 
oxids or fulphurets. 

Bifmuth is fcarcely foluble in fulphufic acid, and ftill d 
lefs in muriatic acid. Nitric acid, or nitromuriatic 
acid, diffolvcs it. The addition of water precipitates 
its oxid, the oxid however is fQlublc by a more copious 
addition of water ; this is the criterion by which bif- 
muth is diftinguifhed and purified from all other me«- 
tajs, This white oxid, called magiftery of bifmuth, 
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or Spanifli white, is ufed as a paint for the complexion, 
which however it gradually impairs. 

£ Mod metallic matters unite with bifmuth, and are 
rendered more fufible by the addition. It is ufed 
in making pewter, printers types, folder, &c. The 

. great fufibility of the mixture of bifmuth, tin* *nd 
lead, renders it of ufe in making collars for the 
axles of fome mechanical /inftruments to run in. It 
combines with fulphur and phofphoms. 

t Nickel is a metal of a reddiih white colour, of 
great hardnefe, fcarcely yielding to the file, and of 
an uniform texture* It is yery difficult to purify it, 

■ and is fuppofed, even when as pure, as it has hitherto 
been obtained, to contain iron, as it is magnetical* 
It is brittle, and fcarcely more fufible than pure iron. 

The fulphuric and muriatic acids do not cafUy at- 
tack this femi-metaL The nitric acid and nitro-mu- 
riatic acid diflblve it readily. Its folutions are deep 
green. Its fpecific gravity is nearly 9. It unites to 
,phofphorus and fulphur. 

H Arfenic is between a tin white and lead grey colour, 
fubjeft to tarnifh, and become black by expofure to 
air; very brittle, and of a lamellar texture. By heat it 
fublimes in the form of an oxid, if air be prefent and 
partly unaltered. The fumes have an offenfive. fmell, 
refembling garlick, and are faid to be dangerous. 

1 The white arfenic met with in commerce is brought 
' chiefly from the cobalt works in Saxony, for making 

zaffre and fmalt. The arfenic contained in great quan- 
tity in cobalt ores, is driven off by long torrcfaftion, 
Thefe fumes pafs into and adhere to the fides of a very 

long 
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long chimney, conftrudcd for that purpofe. This 
arfenic is an oxid of the metal, oxidated in the firft de- 
gree i it i» therefore called arfenious acid. 

The metallic arfenic is obtained from this oxid, either k 
by quickly fufing it together with twice its weight of 
foft foap and an equal quantity of mineral alkali, pour* 
ing it out, when fijfed, into an hot iron cone ; or by 
mixing it, in powder, with oil, apd diftilling the whole 
gradually to drynefs. The metal fublimes towards the 
end. This procefs is too offenfive to be made but in 
the open air. 

Arfenious acid previoufly divided by folucion in l 
boiling muriatic acid, is further oxidated by repeatedly 
pouring nitric acid on it, and diftilling it off, and at 
laft railing the heat to ignition, that it becomes a per- 
fect acid, in the form of a concrete white mtfs, very 
ibluble in water, and poffeffing peculiar properties. 
,* This is the arfenic acid. 

The oxigenated muriatic acid likewife affords oxi- M 
gen to the arfenious acid, and produces the arfenic 
acid*. 

The fulphuric acid diflblves the metallic arfenic n 
by boiling. The muriatic acid and nitro-muriatic 
acid alio diflblve k by heat* Nitric acid oxidates it. 

Arfenic in any form is a ftrong poifon. o 

Cobalt is a metal of a bluilh grey colour, of con* p 
fiderable hardnefs, and very brittle. When well puri- 
fied it is nearly as infufible as iron. Its ores are either 

■ 

* Thcfe proceffes are amply defcribed in Scheele's Chemical 
Effays. London, 1786. 
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oxids or calciform, or it is mineralized with the fulr- 
phurtc or arfenic acid. THey moftly abound with 
arfenic, and contain bifmuth, iron, or other metallic 
matters. 

Thefe ores' have not been found in plenty, or at 
leaft worked to advantage, except in Saxony. . They 
are valued for the beautiful blue they impart to glafs, 
and arc manufaftured on the fpot into zaffre and fmak. 
The firft confifts of the oxid of cobalt (imply mixed 
with pulverized .flints, moiftened and jfrefled into calks.' 
The latter is the fame oxid fufed into glafs with verifi- 
able earth and alkali, and*' reduced to a fine powder^ 
by quenching in water and levigation, or rolling in a 
mill. 

Cobalt is eafily folubje in the nitric acid or in nitro- 
muriatic acid, to which it imparts a red colour. The 
folution when diluted with water forms a fympathetic 
ink^ which when written with on paper is invifible, but 
appears of a green colour when heated, and difappear^ 
a^ain when cold. The ftilphuric acid fcarcely afts on 
it, unlefs boiling and highly concentrated. The mu- 
riatic acid has no action on" the metal, but diflblves 
the pxids. It forms a blue fympathetic ink. 
; Zinc is a white femi- metal, not fubjeft to ruft in 
the air, harder than either lead or tin, malleable in a 
certain degree and laminable, and fo tough that a thiq 4 
piece may be bent feveral times backward and forward 
before it breaks. Its fta&ure exhibits Ihining facets. 
Some time before ignition it melts'; when ignited it 
becomes covered with a white oxid, and on the he# 
being raifed and the furface of the metal uncovered, ic 
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burns with \ very bright yellowifh green flame; at the 
fame time that part of the oxid is driven up in the form 
of a white fmoke, which floats in the air. 

The ores of zinc, are cither oxids, as the ztne-fpar, T 
and calamine ; or mineralized with fulphur, as in 
pfeudo-galena or black jack, and blends of various co- 
lours. The fulphureous ores require torrcfa&ion. 
Zinc is obtained from its ores by diftillation with char* 
coal, in clofed-veflels in a reverberatory furnace, their 
conftruftion being peculiarly adapted to prefcrve this 
volatile and eafily inflammable metal from being dif- 
lipated or oxidated. 

Zinc is readily diflblved in acids. Sulphate of u 
zinc or white vitriol is the only faline combination of' 
this metal found in commerce. 

Sulphur has no a&ion on this femi-metal: whence v 
it is eafily purified, by burning fulphur on its furface 
when in fufion. Thefe two 1 fubftances are united in 
ores by the, medium of iron, It unites to phof. 
jihorus. 

Zinc is chiefly ufed in making brafs and other w 
metallic mixtures of the like nature. It is likewife 
ufed as a folder, known by the name of fpelter. 
Its fpecific gravity is 7. 190: it precipitates the greater 
number of metals from their folutions. Gold, filver, 
plajina, nickel, tin, mercury, and copper unite with 
it. It takes fire fpontaneoufly in oxigenated muriatic 
acid £a$. 

Antimony is of a filvcry white, not fubjed tp /uft, z 
very brittle, and of a fcaly or plated texture. It melts 
foon after ignition, and by a continuance of the heat 
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hecomes oxidated, and rifes in the form of white 
fumes. By a more moderate heat it is converted into 
a grey oxid fufible into a kind of glafs. 
» . The molt CQmmon ore of this metal is the fub- 

« 

fiance, called fulphuret of antimony, ft contains 
1 fujphur in combination with antimony, is of a dark 
bluifh metallic colour, and its fradturc refembles long 
fhining needles. The metal may be obtained by 
torrefa&ion, by which the fulphuf is driven off, and 
fubfequent fuftoa with inflammable matters. In the 
fmall way, four parts of fulphuret of antimony with 
three parts of tartrite of potato, and one and a half of 
nitre, are thrown a little at a time into a red hot 
crucible, and the heat raifed at the end fo as to fuie 
the mafs. The detonation coafumes much of the ful- 
phur, and the co^ly matter of the tartrite of potafli 
revives a confiderable part of the oxid which is found 
at the bottom of the crucible. Or the native antimony 
may be thrown on half its weight of fmall pieces of 
iron or nails, firft made white hot in a crucible, and 
the heat Ming fuddenly raifed, after having covered 
the crucible, the mafs meks, metallic antimony being, 
at the bottom, and the iron combined with the fulj>hur 
at the top. 

Moft of the acids diffolve antimony though difficultly. 
The muriatic acid has very little effedl on it ; but it is 
foluble in a; confiderable degree in nitro-muriatic acid, 
confiding of feven parts nitric and one muriatic acid, 
or in a mixture of the fulphuric and muriatic acid, 
or even of *he fulphuric and nitric acids. 
Much labour has been bellowed on this metal by 

the 



the atehemifts. It fornifhes fome very powerful re- 
medies, but its medical preparations require the 
greateft care and attention; becaufc variations ap- 
parently of fmall importance in the procefles are fuf- 
ficient to render its effefts uncertain, and even highly 
dangerous. 

Antimony is uled in various metallic mixtures, for * 
printing types, fpeculums, &c. It burns in oxigenated 
muriatic aqid, gas. 

Manganefe is a metal of a dufky white colour when c 
newly broken, which grows brown by fpontaneous 
oxidation on expofure to the air. It appears to be 
lefs.fufible than iron, the larger pieces being fcarcely 
ever globular. It is very hard and brittle, and be- 
comes fpontaneoufly oxidated in the air, fo as to fall 
fometimes into a brownilh black powder, heavier than 
the metal ; , a circumftance which does not happen 
. i when it is inclofed in a dry, well corked bottle, or 
preferved under oil or fpirit. 

Black manganefe is the oxid of this metal, u 
The colour is either white, grey, brown, or black, 
according to its lefs or greater oxidation, and the 
nature of the fubftances it may be contaminated with, 
of which iron is the chief. The brown or black 
oxid is too much oxidated to be foluble in acids, and 
has Icfs attraction for oxigen than any other fub- 
ftancc. 

If a globule of phofphate of foda and ammonia s 
or falc be melted on a piece of charcoal, by means of 
the blow-pipe, and a fmall portion of the black oxid 
of manganefe be added, a glafs will be formed of a 
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bluifh red, or if the proportion of mariganefe bfe 
greater, of a full red.. The tinge will however to- 
tally difappear if" the fufion be continued with the 
interior or well defined apex of the flame. The 
brown or exterior part of the flame reftores the co~ 
lour. And this may be repeatedly done. The fmallcfl; . 
particle of nitre added to the clear glafs inftantly re* 
ftores the red colour : but metallic oxids difcharge it, 
though thefc communicate each a tinge peculiar to 
itfelf. 

The explanation of thefe fa#s appears to be this; 
the proper tinge communicated to glafs by oxid of 
manganefe, when highly oxidated, is red, but manga* 
nefe with a lefs portion of oxlgen is colourlefs. The, 
fufion by the interior apex may be con fide red as a 
fufion in a clofe veflel, becaufe the furrounding flame 
defends the globule from the contact of the air on the ' 
greater part of its furface,, The redu&ion effc&ed 
by the charcoal is therefore permanent, and produces 
the efffcft of rendering the globule tranfparenc. Buj 
when the exterior flame is ufed, this is not the cafe j 
for the circumambient air, touching the globule in a 
mych larger part of its furface, combines with it 
Hjpre fpeedily and in a greater quantity, than the 
Tmall furface of contadt between the globule and the 
charcoal is capable of abforbing. The colour there- 
fore returns. The oxigen of the nitric acid in nitre 
oxidates the manganefe.^ Metallic oxids, as well by ' 
the coaly matter they often contain, as by their own 
, nature, are more difpofed to perfect combuftion than 
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the oxid of manganefe, and therefore deftroy the red 
colour. That thefe changes do not depend on the 
"greater or lefs quantity of combuftible matter that may 
^ be fuppofed to be imparted by the interior or exterior 
apices of the flame, is clear, from the changes not tak- 
ing place when the globule rcfts on a fupport of pure 
gold or filver. • . 

The fame phenpnjena with fmall variation take plate o 
in other glaffes. Hence a principal ufe of manganefe 
is made by the glafcmakers, in clearing their glafs 
from the green tinge imparted to it by o*id of iron, 
from which they caiinot with fufficient facility free the 
materials they ufe. The green colopr arifes from iron 
not fufficieritly oxidated ; manganefe being therefore 
added in a certain dofe, affords enough of oXigen to 

* 

render the glafs colourlefs. But jf the dofe be apt duly 
proportioned, either its own red colour or :thc greea> 
will prevail j the latter of which is thought to be the 
belt* , , :* 4 

A remarkable effe& of combuftion from the ofcigen n 
in the oxid of manganefe, is feen in the ore called .; 
Jalack wad, from Derbyshire. It is a brown pulveru-* 
lent mafs, and ufed as a pigment. If half a pound of 
this be dried before a fire, and afterwards fuffered to/ 
cool for about an hour, and then two ounces of linfeed 
oil be gradually poured 6n it and loofely mixed, in 
fomewhat more than half an hour the mixture will 
' grow gradually hot, and at laft burft into a flame. 
TKis effeft feems to be analogous to the inflammation 
of oils by nitrous acid. 

The 
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H The black oxid of manganefe is Sparingly taken 

y up by the fulphuric acid, and this portion feems t6 
be that which had not been well oxidated; for the 
remainder altogether reje&s the acid. That this oxid 
is infoluble from an over dofe o( oxlgen, is rendered 
dear, by adding fugar, honey, or any combuftibte 
fubftance, as by that means the folution is promoted 

. and completed* The metals, not excepting even gold 
itfelf, produce the feme efftft. 

l The nitric acid diflblves 'manganefe with effervef- 
cence, occalioncd by the production of nitrous air, 
A fmall refidue is; left. This acid i£ts very fparingly 
on the black oxid. 

M The muriatic acid diffblves manganefe and alfo thd 
oxid.- It like wife takes up the black oxid, which 
communicates to it a red colour, and gives off as much 
oxigen td the acid as is neceffary to its folution. Part 

r of the acid becomes converted into Oxigenated muri- 

> atic acid, which takes the gafeous form, and flies off 

r in yellow vapours. 

n '. Tungften or wolfram * is a brittle tfietal of a fteel 
colour. Its fpecific gravity exceeds that of every 
other body in nature, except platina and gold; and it 
has not been fufed into any mafs of confiderable mag* 
mtude, being more reftaftory than manganefe. 

o The ores of this metal are the tungftate of lime, a 
ponderous fubftance of a grey colour and lamellar tex- 

■ * 

* The difcoveries of Scheele, Bergman, and the De Luyarts, 
are to be found in " A. Chemical Analjfis of Wolfram." 
Printed in London ii the jear 1785. 
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tore! containing the metallic oxid, or acid united to 
about its own weight of calcareous earth : and wol- p 
fram, or tungftate of iron and manganefe, a mineral 
of a ftyi greater fpecific gravity, of a brownifh black, 
always opake, internally (hining, almoft like a oietal, 
and of a cryftallized form. This laft is abundant 
in* Cornwall, it contains about two thirds oxid of 
wolfram, together with the black oxid of manganefe 
and oxid of iron. 

If pounded wolfram Or tungften be digefted in the q^ 
muriatic acid, the manganefe and iron of the former, 
or the calcareous earth of the latter, will be taken up 
in part, or extracted from the external parts of the v 
molecules. The refiduum, after edulcoration with 
Water, being digefted with liquid ammonia, the oxid 
of wolfram* or acid, will betaken up in parti or ex- 
traded from the furface. . The refidue, after edulco- 
ration, will be again atted : upon by the muriatic acid, 
which feizes another ftratum of particles that were in ' 
the former digeftion defended from its aftion by the 
oxid of wolfram, which the digeftion in liquid ammo- 
ma has removed, Artimonia bfcing again applied, and 
the alternation continued for many viciffitudes, the 
mineral becomes almoft entirely diflblved ; the jpor- 
tions of Acid contain either the oxids of manganefe and 
irori, or calcareous earth, according to the miners! 
made ufe of; and the ammonia contains the oxid or 
acid of tungftfem The addition of nitric acid to this 
laft precipitates a fait, confifting of the oxid of tung- . 
ftcn, ammonia, and nitric acid. This fait is foluble r 
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in water, though fparingly, and has acid properties* 
The firft difcoverers, Scheele and Bergman, called it 
acid of tungften. It is however a triple compound. 

s Fufion of the ore with potato, with folution in dif> 
tilled water, will afford a combination of the oxid of 
tungften with the alkali. This being diflblved in 
wdter and filtered, may be deprived of the alkali by 
the addition of nitric acid. The tungften oxid pre- 
cipitates. The adhering acid may he driven off by 
heat, and leaves the pure oxid of tungften of a brim- 
ftone yellow. The fame oxid is alfo obtained by heat- 
ing the precipitate from ammonia, the nitric acid and 
the alkali being driven off. 

t The pure oxid is not foluble in water*, but makes* 
by trituration, an emulfion of fufficient fubtlety to plfs ' 
the filtre, and which does .not entirely fubfide in three 
months. It has not this effe& with the Tulphuric, ni- 
tric, and muriatic acids. It is completely foluble iri 

u alkalies, by the moid as well as the dry way. A fo- 
lution in water, and alfo in ammonia, of the precipi- 
tate by nitric acid, from the ammonia being added to 
lime-water, regenerates tungften, the acid ^and alkali 
being found in the fuperfluent liquor. 

v From the ftrong difpofition of the oxid of tungften 
to unite with alkalis and with earths, and its infolubi- 
lity in acids, it has been confidered as a metallic acid. 

v By treatment in a crucible with charcoal* with a 
ftrong heat, the oxid of tungften b faid to be revived 
into a metal, being a brown mafs, confiding of a con* 
gerics of metallic globules, with a, lofs of two fifths 
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pftts weight. Oxidation turns it yellow as before, and 
its weight beomes augmented about one fourth. 

This metal is infoluble in fulphuric and muriatic w 
acids. The nitric acid, and nitro- muriatic acid, de- 
oxidate it, and convert it into the yellow oxid (ao8, s). 
It mixes with other metals, and forms peculiar alloys. 
Its oxids tinge glafs. 

Molybdena is a mineral fubftance, refembling plum- % 
bago, but its laminae are larger, brighter, and in fome 
degree flexible, fo as to be very difficultly reduced to 
powder. In an open fire it is almoft entirely volatile. 
It is compofed of fulphur combined with a metal. ,No 
acids aft on it but the arfenic and nitric. The firffc 
. combines with its fulphur, and forms orpiment : the 
latter, diftillecl from it, communicates oxigen, and 
forms the molybdic acid. This laft acid may be 
waflied off with water, which at the fame time carries 
ofF a portion of the acid of molybdena. 

This acid is in a white dry form, very fparingly y 
Foluble in water. It has all the general properties of 
acids, and others peculiar to itfelf. It is precipitable 
from its folution in water by Pruffiate of potafli. Dif- 
tillcd with three times its weight of fulphur, it again 
•produces molybdena. 

It has been reduced into a metallic form. Mr. z 
Hatchett * has given a full analyfis of the above ore, 
and pointed out many of the properties of the molyb- 
dic acid, &c. 

Tellurium Js found in the white gold ore of Fatzebay, 

* Phil. Tranf. 1796. Analyfi* of the Carynthiaa Moljrbdate 
. of Lead. . 
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commonly called aurum paradoxum, alloyed with gold 
and iron ; it exifts alfo in the ore called graphic gold, 
aurum graphicum, with gold and filver, alloyed with 
gold and lead ; it exifts in the yellow foliated gold ore 
of Nagyag. Tellurium is of a tin white inclining 
to yellow* It is the moft fufible and moil: volatile of 
the metals.' It is foluble in fulphuric, nitric, and 
nitro-muriatic acids. The latter folution is decompos- 
able by water: boiling fulphuric acid likewifc dif- 
folves it. This folution acquires a fine red colour 
'when fuffered to cool, which vanifhes by heating it. 
It combines with fulphur. * 

s Tellurium is obtained from its ores by diffolving 
them in nitro-muriatic acid. The folution is to ber 
decompofed by the addition of potafh, in fuch a man- 
ner that the white precipitate which firft appears, be- 
comes rediffolvcd, and a brown precipitate (which is 
the gold and iron which was contained in the ore) 
only remains. On faturating the alcaline folution thus 
deprived of iron and gold, by the addition of muriatic 
acid, the oxid of tellurium is precipitated in the 
form of a white powder. On forming this oxid into a 
pafte with oil, and heating it in a retort, brilliant me- 
tallic drops appear in the upper part of the veffel, 
which increafe until the redu&ion is accomplilhcd. 
Thefe are the metal called tellurium. 

Uranium exifts in the ftate of an oxid in the ore 
called pitchblende or oxid of uranium, contaminated 
with iron or copper. Oxid of uranium, combined with 
carbonic acid, forms the mineral called chalcolite qr 

green mica. Thefe ores arc foupd in the mines of 

Saxony. 
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Uranium has hitherto been produced only \t\ fmall 
agglutinated metallic globules of a deep grey colour. 
It is very difficult of fufion. It is attacked by fevera) of 
the acids, unites to phofphorus,and its oxids are foluble 
ih alkalis. It tinges glafs of a greeriifti yellow. It 
is obtained from the pitchblende, by depriving the ore 
of the greateft part of its fulphur by torrefa&ion, ef- 
fecting a folution by means of nit r ic acid, decofnpof- 
ing this folution by a carbonated alkali, and reducing 
the oxid thus precipitated by heat, after having formed 
it into a pafte with oil. x ' v . 

Titanium exifts in union with iron, manganefe, and 
Iilex,in a blackifti fand found at Menachan, in Cornwall, 
and from hence called menachanite. It has alfo been 
found united to lime and filex in an ore called titanite. 
This metal has been hitherto obtained in an inco- 
herent agglutinated mafs of a red colour, very brittle 
arid refractory. It is foluble in moft of the acids. Ic 
is not combinable with fulphur. Its oxids - are blue, 
red, and white. It may be procured from the ore 
called titanite, by fufing it with potafh, and diflblving 
the alcaline mafs in water: a white precipitate falls down 
which is the white oxid of titanium. Thi« carbonated 
oxid formed into a pafte with oil yields metallic tita- 
nium by an intenfe heat. 

, Chrome exifts. in the ftate of an oxid in red 
lead ore of Siberia,, or chromatc of lead. It has 
alfo been met with in combination with iron and 
alumine, forming the ore called chromate of iron. 
The emerald of Peru and Spinel ruby are coloured 
by the oxids of this metal. It is obtained from the 
©re called chromate of lead, by fufing it with car- 
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bonate of potato, diflblving the mafs in water, precipi- 
tating the chromic acid, and heating it in a charcoal 
crucible. Its colour is white. It appears in an ag- 
glutinated mafs, is very hard, brittle, and very fufible. 
Its oxids are of a beautiful green. Its acid is of a red 
or orange colour. 

Columbium has been hitherto found only in a 
peculiar ore, greatly refembling the chromate of iron, 
found in the Maffachufett mines, in North America. 
It has been examined only in the (lace of an acid^ 
(columbic acid), which is a white powder. It was 
difcovered i8oi, by Mr. Hatchett. For a fuller ac- 
count the reader may confult Mr. Hatchett's paper 
in the Phil. Tranf. 1802, p. 1. and p. 40 i or, Nichol- 
fon's Journal, vol. i. 



CHAP- VII. 

SIMPLE OR PRIMITIVE EARTHS. 

By the name of earth chemifts diftinguifti thofe 
fimple bodies, which when in a pure ftate are concrete, 
friable, white, and opake fubftances, whofe fpecific gra- 
vity never exceeds 5. They are abfolutely uninflam^ 
mable, and very fparingly foluble in water, but capable 
of uniting chemically with acids, alcalies, phofphorus, 
and fulphur, and with each other. Moft of them are 
infipidi few of them are found in a ftat£ of purity. 
They form the rocks, ftone, and earthy part of this 
globe. 

Lime 
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Lime or calcareous earth exifts, though not in a y 
pure ftate, in common quick lime. If pounded chalk 
be fcveral times boiled in diftilled water, the remainder 
will confift of calcareous earth of tolerable purity, 
united to' about an equal weight of carbonic acid. 
If diftilled vinegar be added to this powder, it will 
form a faline combination with the earth only, at the 
fame time that the carbonic acid, affuming an elaftic 
form, flies off. To this folution, decanted from the 
impurities, carbonate of ammonia being added, the al- 
kali will unite with the vinegar, while the calcareous 
earth combines with the carbonic acid of the ammo- 
nia, and falls to the bottom, This powder, well walhed 
and dried, is lime, or calcareous earth united with 
carbonic acid. This lad may be driven off by expo, 
fure to & white heat, and will leave the pure lime dif- 
engaged. 

Calcareous earth requires about four hundred and z 
eighty times its weight of water to dififolve it at the 
temperature of 6o # , to which it gives a pungent tafte. 
This water, called lime-water, acquires a white cruft 
on the furface, by expofure to the atmofphere, which 
breaks and falls to the bottom, another cruft forming 
foon after, and fo on till the whole of the lime is pre- 
tipitated. The precipitate is chalk, or carbonate of 
lime; whence the procefs may be eafaly explained. 
For carbonate of lime i$ fcarcely, if at all, foluble in 
water : and the lime contained in the water being con- 
verted into a carbonate, by the acceffion of carbonic 
agid from the atmofphere, becomes an infoluble cruft, 
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that falls at intervals, as its quantity becomes too 
great to be fupported at the furfacc. , 

A This earth is foluble in moft of the acids. It is in* 
fufible in every degree of heat yet obtained, except 
that of the famous lens of Parker, in London, which 
produced a flight beginning of fufion. Yet it will 
melt in a more moderate heat, if mixed with other 
earths, of which it then appears to be the flux or fol- 
vent. 4 

b The fpecimens of minerals chiefly confifting of cal- 
careous earth are, lime-ftone, chalk, marl, gypfum> 
pearl- fpar, marbles, &c. of this earth combined 
either with carbonic or fome other acid. It forms the 
bafis of animal bones and (hells. 

c Barytes, terra ponderofa, or ponderous earth. The 
commoneft fpecimens of this earth are the ponderous 
fpar, or fulphate of barytes, fo called from its great 
weight, beft known to our Englifh miners by the name 
of cawk. It is met with opake, white, grey or yel- 
lowifli, either irregularly fhaped, or in a Angular form, 
refembling convex lenfes, fet edgewife into the mafs it 
adheres to. The tranfparent fpecimens are prifmical, 
and of confiderable hardnefs. All thefe confift of 
ponderous earth, combined with the fulphqric acid. 
It is called fulphate of barytes. 

p JJarytes, combined with carbonic acid, has been 
found at Anglezark in Lancafhire, and elfewhere. It 
is of a ftriated^exture, and its fpecific gravity is 4,33 1 .. 

E If fulphate of barytes be expofed to a ftrong red 
heat, for about two hours, with nearly twice its weight 

of 
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of fixed alkali, the acid quits the earth to combine 
with this laft, formiog a neutral fait, which may be 
wafhed away, and leaves the earth combined .with car- 
bonic acid and water. The carbonic acid may be ex- 
pelled by heat. From the native carbonate it may be 
obtained, by diffolving this mineral in diluted nitric 
acid, evaporating the folution and expofing the ob- 
tained nitrate of barytes to a red heat. 

Pure barytes, thus obtained, is foluble in about 20 » 
times its weight of cold and twice its weight of boiling, 
water. This water refembles lime-water in tafte, and 
depofits its earth, by expofure to the air, in the fame 
manner. It turns blue vegetables green. It has a 
ftronger affinity than any other body for fujphuric acid. 
It is cauftic to the fkin, and is a poifon. 

Strontia, or ftrontian earth, hitherto found only in O 
combination with fulphuric acid and carbonic acid, 
forming the minerals called fulphate and carbonate of 
ftrontia; it may be obtained from them like barytes, 
by fufion with potafh, or by nitric acid. Strontian earth 
is cauftic. It is foluble in aoo times its weight of 
cold water, and in feven of boiling water ; it cryftallizes 
on cooling in rhomboidal cryftals, and changes vege- 
table blues to green ; combines with phofphorus and 
fulphur, is foluble in nitric, muriatic and acetic acids, 
and the falts formed, with them tihge the flame of burn- 
ing bodies of a carmine red. , , 

Mignefia, or magnefian earth, enters into the com- H 
portion of fomc earthy fubftances, the chief of which 
are fteatites,ferpcntines,foap-rock, French chalk, afbef* 
tos, and talc. It.exifts in the fea- water in great quan- 
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tities, combined either with the muriatic or fulphuric 
acids. Sulphate of magnefia, or Fpfom fait, is a 
combination of fulphuric acid with magnefia. If this 
be diflblved in water, and carbonate of potafti added, 
the magnefia is precipitated in combination with the 
carbonic acid, while the potafti unites with the fulphu- 
ric acid. The magnefia thus obtained, contains about 
one fourth of its weight of carbonic acid, and nearly the 
feme quantity of water. Both are driven off by fire, 
by which the fnagnefia is rendered pure, xarid has 
fomewhat lefs than half the weight it poflefled in its 
former mild ftate. It is irifoluble in water. It very 
flightly changes vegetable blues to green. It forms fo- 
luble falts of a bitter tafte with moft of the acids. It 
combines with fulphur, but not with phofphorus ; be- 
comes phofphorefcent when ftrongly heated, and be- 
comes ignited by the affufion of denfe acids. 

Alumine, clay, or argillaceous earth, is found every 
where in great quantities, but in the native fpecimens 
it is always mixed with a confiderable quantity of other 
earths. Alum is a fait, confifting of alumine, com- 
bined with the fulphuric acid and a fmall portion of al- 
kali. If it be diflblved in water, and carbonate of am- 
monia be added, this laft unites with the acid while the 
earth is precipitated, combined with carbonic acid, 
from which it may be 1 freed by heat. 

Alumine imbibes water ftrongly, but is infbluble 
therein. When fuflkiently divided, it forms a tenaci- 
ous mafs with water, fo as to admit of being moulded 
into various, forms. It contracts very much by heat* 
and acquires a flinty hardnefs by baking, and does 
7 ' not; 
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ftOt then fuffer any alteration from water ; though its 
original foftnefs and tenacity may be again reftored by 
folution in acids, and precipitation. It (tronglv ad- 
heres to the tongue. It combines with moft of the 
acids, and forms falts of a fweetifhltyptic tafte. Clays, 
boles, fullers earth, corundum, &c. arc fpecimen$ of 

cky. 

This earth, which is (o ufeful in the arts, has been u 
applied*, with great fuccefs to the admeafurement of 
the higher degrees of heat. For as the expanfion of 
the mercury, in a common thermometer, indicates the 
fucceffive augmentations of temperature, fo the con- 
tractions of the volume of a fmall brick of clay, by ex- 
posure to ignition, are found to be greater, the more 
violent the heat. By the help of this property we 
are in pofleflion of an invaluable method of mcafuring 
and comparing thofe high temperatures. It forms the 
bafts of all earthen- ware and porcelains. > 

Siliceous earth, or flint, abounds in many fubftances. 
Colourlefs rock cryftal is one of the pureft fpecimens. 
Quartz, flint, granite, cornelian, and all the varieties of 
Opal belong to this,clafs. Extreme hardnefs is moft 
conqmonly a charafteriftic of filiceous earths, fo that 
ftones, in which it predominates, will ftrikfc fire with 
ftee), or at leaft will fcratch its furface, however highly 
tempered. They have a vitreous appearance and high 
polifh. They are not a&ed upon by any acid, the 
fluoric excepted. 

To procure filiceous earth in a pure date, clear u 

* By J. Wedgwood, Efq. See the Phil. Traaf. 
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s cryftals, or quarts, mud be heated to jfednefc, and 
quenched in cold water repeatedly to- render it brittle, 
and then reduced into powder, and melted with four 
times its weight of potato. The compound called 
filiceous potafti is then to be diffoived in water, and 
muriatic acid added in excefs. The alkali and acid 
unite together, forming a fait that remains in fblution : 
if there be any other kind of earth prefent, it will 
likewise combine with the fuperfluous acid. But the 
filiceous earth being difengaged, falls to the bottom in 
a fubtile powder, which muft be cleared of the {aline 
liquor by decantation, and repeated wafhing with 
water. 

O This earth is afted on by no acid but the fluoric. 
Fixed alkalis diflblve it, either in the dry or moift way, 
Like the other earths, it is not fufibje without addition 
by any heat yet obtained* 

Glucine has been di/covered only in 3 minerals $ 
namely, in the beril, in the emerald, and in thegadobnetc. 
It forms fweet or faccharine falts with alcalies. It is 
precipitable by all the fuccinates. It is foluble in al- 
calies and their carbonates. It is procured by fufing 
the beril with potafli, feparating the filex by. muriatic 
acid, decompofing the remaining fluid by carbonate 
of potafh, rediffolving the precipitate in fulphuric acid, 
and feparating the alum formed by cryftallization. 
From the remaining fluid the glucine may be precis 
pitated by carbonate of ammonia. 

Zircon, or jargon, is found in the two gems, called 
jargon, and in the hyacinth. It differs from all other 
earths by forming falts with acids which arc decom- 

pofablc 
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pofable by alumine, glucinc, the alcalies, and by mere 
heat. Ic is very ponderpus, and harfh to the touch, 
void of tyfte, infolublc in water, but obftinately retain- 
ing a large quantity of it, forming a kind of horn, or 
dry gelly of a vitreous nature. Y ttria exifts in a foffil 
called ytterby or gadolinite. It is the heavieft of all ' % 
the earths, its fpecifice gravity being 4,842. It is pre- 
cipitable from acid folurions by pruffiate ofpofaflb, and 
by tannin. It is infoluble in water, in alcalies; but 
loluble in carbonate of ammonia. It differs from ghi- 
cine hy its' infolubility in alcalies, and precipitability by 
(uccjnates, 
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ALCALIES. 



Alcalies are a clafs of bodies which are com* 
monly defined to be incombuftible. Soluble in water, 
cauftic, capable of forming falts with acids, ofcombin* 
ing with* alcohol, oils, earth, fulphur, and phofphorus, 
and of changing vegetable blues to green. 

1 Potato. Impure famples of this alcali are met with 
in commerce, under the names of pearlalh, fait of tar-. 
tar, potalh, &c. It was formerly denominated, vege- 
table alcali, but improperly, becaufe it is abundantly 
met with in mineral bodies. Dr. Kennedy found it 
in the pumice ftone; profeffor Klaporth in the leucite; 
and Mr. Accum has lately difcovered it in a filiceous 
(lone found in Cornwall, 

Potalh 
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Potafli was for a long time unknown in its pure 
ftate. It Is moft plentifully obtained from vegetable 
fubftances. If vegetable bodies be burned in the open 
air, and the allies be repeatedly walhed with water, 
till this fluid paffes taftelefs/ and if this fluid be evapo- 
rated to drynefs, the fubftance which remains is called 
potafh ; far, however, from being in a ftate of purity. 
In this ftate it is met with in the market. It may be 
obtained in a pure ftate, by digefting it in alcohol, 
which diffclves only the pure potafh, and fubfequcnt 
abftra&ion of the alcohol. Pure potafh is a folid , 
white cryftallizable fubftance ; it is highly cauftic, de- 
liquefcent, foluble in half its weight of water, perfectly 
incombuftible, combining with all the acids, oils, ful- 
phur, and moft of the earths. 

Soda greatly refembles potafli. Like potafli, it is 
procured by lixiviation from the aflies of burned vege- 
tables ; but only from thofe which grow upon the fea 
fliore. It occurs in the mineral' kingdom united to 
fulphuric, muriatic, boracic, and carbonic acids. It 
is generally prepared in the large way 3 bydecompofing 
lulphate of foda by carbonate of potafli*. It differs 
particularly from potafh by the following properties: 
In the fire it is rather more fufible ; when expofed to 
the contaft of air it attrafts moifture and carbonic acid, 
but it does not liquefy like potafli ; it merely acquires 
a pafty confidence, and at laft crumbles into powder. 
It is not altered by light. It adheres lefs ftrongly to 

* See Mr. Accum's paper on the manufa&uring of Soda, i& 
Nicholfoo's Journal of Natural Philofopby, &c. 
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ttie acids. It fufes and diffolvcs alumina more 
eafily. 

The combination of potafli, or foda, with (ilex in- 
cludes the manufacture of glafs. Glafs is compofed 
of about equal parts of potafli or foda and filex or flint. 
It is harder and more durable in proportion to the ex- 
cefs of the filex. • The tranfparency of glafs depends 
upon its being copied quickly ; for if fuffered to cool 
very (lowly, it affumes a radiated cryftalline appear- 
ance, and becomes perfedtly opake* 

The combination of alcalies with oils, conftitutes the 
formation of foap. The art of making foap con- 
fifts in depriving the alcali of the carbonic acid it may 
be combined with, and afterwards combining it with 
fome oily fubftance, which, in the .manufactories, is 
done by gentle boiling. One part of quicklime, 
and two of foda, are boiled together for a fhort time, 
with twelve parts of water. The filtered lixivium is 
foap- lye, or a folution of cauftic alcali, and may be 
concentrated by heat. If it be concentrated till its 
fpecific gravity is about 1.375, or > which is the fame 
thing, till a phial that can contain an ounce of water 
will hold one ounce feven penny-weights and a half 
of the lye, the foap may be made without boiling* 
One part of this lye muft be mixed with two of olive- 
oil in a glafs or ftonfc-ware vcflel. The mixture 
beiijig ftirrcd from time to time with a wooden fpa- 
tula foon becomes thick and white, and in fevta or 
eight days the combination is completed, and forms a 
very white and firm foap. 

The lye in large manufactories is made no ftronger 

than 
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than to float a new-laid egg, when the workmen begirt 
to form the mixture. To a part of the lye diluted 
they add an equal weight of oil, 1 which is fct on a 
gentle fire, and agitated. When the mixture begins to 
unite, the reft of the lye is added, and the whole di« 
gefted by a gende heat till the foap is formed. If it 
be well made it i$ firm and white, not fubjeft to be- 
come moift by expofure to the airland completely 
mixes with water, without^ exhibiting any drops of oil 
on the furface. Trial is made of it, and the requifitc 
alterations are obtained by the addition either of oil or 
alcali. At the end of the boiling common fait is 
throwh in, A twofold effeft is hereby produced. 
The foap is feparated, becaufe not diffufible in falt- 
water j and it is rendered harder by the complete 
reparation of vegetable alcali from it: for the vege- 
table alcali does not make a firm foap -, and, as much 
of it as may be in the mixture, decompofes a por- 
tion of the common fait by ftronger affinity to its 
acid. The alcali of the decompofed common fait, 
namely, the mineral, unites therefore with that portion . 
of the oil which would otherwife have* remained in 
combination with the vegetable alcali. 

The cleanfing property of foap is well known, and 
is to be attributed to its alcali, which will render a 
fmall portion of oily matter, beyond what it is al- 
ready united to, diffufible in water. Soap is eafily 
prevented from mixing with water by any fait, except 
alcalis, and is therefore no contemptible teft of the 
purity of natural waters (149, 0). 

. CHAP. 
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CHAP. IX. 

GASES, OR AERIFORM FLUIDS. 

Experiments to be made with the various kinds 
df gafes, or airs, require an apparatus of veflels proper 
for confining it. The chief are thofe we are about 
to defcribe. - 

Fig* 17 ij is a tub for containing water. In this 
tub is fixed a fhelf, fo placed that it pay be about an 
inch below the furface of the water, when the tub .is 
nearly full, a is a cylindrical glafs jar, h is a bottle, 
into the neck of which the bent tube is fitted, by 
grinding. Suppofe, now, that the veflel a be plunged 

1 

in the water, fo as to be filled, and afterwards raifed, 
with its mouth downwards, and placed on the fhelf, it 
will continue fiill of water on the principle of the 
barohieter: if its rim be made to overhang the edge 
of the fhelf, it will be eafy to introduce the end of 
the tube, of the bottle beneath it; and if the veflel b 
contain fuch matters as by their aftion on each other 
afford gas, that gas will pais through the tube, and rife 
to the top of *, expelling more or lefs of the wa- 
ter. A candle may be applied beneath b> In cafes 
where heat is wanted. 

Air or gas may be transferred from one veflel to an- 
other by the help of a glafs- funnel under water. Thus 
if the veflel a being fuppofed to be previoufly filled with 

water, 
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water, and placed on the ftielfi over a hole in which 
a funqel is ftuck, the gas may be poured out of any 
other veffel through the funnel into a. 

Many kinds of gas combine with water, and there- 
fore require to be treated in an apparatus in which 
quickfilver is made ufe of. This fluid being very 
ponderous, and of confiderable price, motives both of 
convenience and oeconomy require that the appa- 
ratus fhould be made fmaller than when water is 
ufed. 

Fig. 1 66 j is an improved pneumatic mercurial 
trough. It confifts of a mahogany box of greater 
or lefs fize, (landing in a tray made of the fame wood. 
, The principal parts of this apparatus are, the (helves 
of the trough and the bottom. The refervoir properly 
fo called, is the interval between thefe two planes. 
The advantage of this apparatus confifts in having a 
broad folid fhelf on one fide of the trough, and a nar- 
row Aiding lhelf, with a hole in the. centre, which 
* communicates with a funnel fhaped opening on the 

fide of the large fhelf. Vefiels placed on the Aiding 
lhelf may be conveniently filled with gas, by direct- 
ing the conveying tube of a gas bottle, or the neck' of 
a retort into this excavation, and then Aiding it on the 
large fhelf of the apparatus, which, from being on or\e 
fide the trough, enables the operator to perform his ex- 
periments x with a lefs quantity of merCury, and in aa 
cafier manner than in the troughs of the ufual conftruc- 
tion. The tray a is ufeful for collecting the mer- 
cury which may be fpilled* 

Fig. 167, 
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Big. 167, is a detonating or eudiometer tube of 
glafs. Its bore is about ^ inch, and its height 1 8* Ic 
is graduated into cubic inches^-and fubdivided into de- ' 
cimal parts. By means of the two conduflors a, a, a 
quantity of gas, confined in the tube by water or mer- 
cury, may eafily be inflamed by the eleftric fpark. 
Hence this tube is extremely convenient for fhowing 
the produ&ion of water and nitrous acid, by detonating 
oxigen and hydrogen, or oxigen and nitrogen. 

Fig. a 68, is a flafk for weighing gafes. Its orifice q^ 
is furnilhed with a ftop-cock a. The flafk is to be 
exhaufted by means of an air-pump, and then con- 
nected with a bell glais filled with air, and pro- 
vided with a ftop-cock. By opening both the flop 
cocks, the gas contained in the bell-glafs may be 
transferred into • the flafk, on prefling down the bell- 
glafs into the water of the pneumatic trough; the 
gas will then be forced up into the flafk. The flop- 
cocks being then fhut, the flafk may be removed, and 
its -weight afcertained. The difference between the 
weights of the flafk when exhaufted, and when filled, 
give the weight of the gas in the flafk, which may, by 
the feme method, be compared to that of common air. 

Fig« 169, is a perfpeftive view of an improved r 
gafomerer. It confifts of an exterior cylindrical veflel 
a, made of japanned iron or coppery and an inter- 
nal glafs cylindrical veflel b. The japanned veflel is 
furniihed with two ftop-fcocks, one of which is fixed ax 
the upper part, and the other at the bottom on oppo- 
site fides of the vefTels. From the upper cock a tube 
4£ runs down the oMtfide of the veflel a> eroding its 
bottom to the ftop-cock/. In the centre of the veflel 

Vol. II. Q_ ^hi« 
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this tube branches upwards through the bottom of the 
vefiel a, and thus a communication is made with the 
ftop-cock add the interior glafs veffel b, which is fuf- 
pended in the exterior veffel a, by means of weights 
and pullies contained in the bent tube dd. A gra- 
duated rod, affixed by means of a cap, to the veffel £, 
exprefles by the coincidence of any of its divifions with 
the aperture x, the capacity of the emerged part of the 
glafs veffel, and therefore meafures the quantity of gas 
contained in it. In uGng this apparatus, the veffel a 
is filled with water up to the aperture of the tube in 
the certtfe of the vefifeL The glafs veffel b is then 
deprefled, till the coincidence of the zero point of 
the graduated rod with the aperture #, indicates its 
total immerfion. This being done, a communication 
is made between the tube € c, and the apparatus 
from which the gas proceeds, by opening either of the 
cocks, and keeping the other (hut. The gas thus 
introduced will, of coarfe, pafs through the tube 
c c> and enter the veffel b $ which as it becomes filled 
will emerge by the preffure of the gas. For breathing 
or transferring gafes from this apparatus, a flexible tube 
€ may be joined to either of the ftop-cocks, and the 
quantity of gas expended will be meafercd by the gra- 
duated tube g. 

Fig. 1 70, is an improved gas-holder, ^ery ufefui 
for the combuftion of different ftfbftances in oxigen ga$> 
and for other purports. It confifts of a cylindrical 
veflel, having a fmall ciftern at the top, which is con- 
nc&ed with the gas- holder by means of two ttfbes fur- 
nifhed with flop- cocks* The cylindrical veffel has 

alfe 
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alio a brafs ft op-Cock on the fide,, and a glafs gage, or 
regifter tube, (bowing the quantity of included gas by 
the levels of the water. The following is a defcription 
of the different parts* 

The gas-holder, fig«i7o*g, may contain from two 
to ten gallons. ' 

p, the regifter tube, the ends of which are cemented 
into two tin fockets by corks at the top and the bot- 
tom of the gas-holder, into which it opens at both 
ends: of courfe the level of the water in the apparatus 
will always be feen in the tube, and confequently that 
of the gas. 1 1 

c, the circular ciftern, with its two cocks and pipes, 
marked i and 2« 

c K, a brafs Cock on the fide, with a fcrew, to which 
bladders or a blowpipe may be attached. 

0, an opening into the gas-holder, in which a pipe 
is foldered at fuch an angle, that when all the upper* 
mod cocks are (hut no wafer can poffibly efcape. 
Byt when a conducting pipe, from a retort or other 
apparatus generating gas, is introduced into this' open- 
ing, then, as the gas pafics up into the gas-holder, an 
equal quantity of water will be difcharged at o into 
any veflel fit to receive it. 

S* a fpout on the fide of the ciftern to enable the 
operator to add water even whea^he receiver fills its 
whole area. 

b by handles to life the gas-holder by. 

R, a glafs deflagrating receiver (landing in the 

ciftern. 

* « 

Q a <*, it* 
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a, its adopting cork and cock. 

d> a deflagrating di(h of iron for fulphur, phofpho- 
rus, charcoal, fugar, camphor, &c. 

To make ufe of this apparatus, firft fill the gat* 
holder with water, by cbfing the opening o with a 
cork, and_alfo the cock rK, and keeping the circular 
ciftern full of water, while the cocks i and 2 are both 
open. The air is driven out of the gas-holder through 
the cock i, by the water defcending into it by the 
cock i'. When full, the water in the regifter will be 
on a level with the tofvof the gas-holder. Then fhut 
the cocks i and 2. You may now remove the cork 
from the opening 0, which is then prepared to receive 
the conducting- pipe from any apparatus from which 
the gas is generating. As the gas is delivered the 
water efcapes, and fliould be caught in any convenient 
yeffel. The regifter will then^ (how the quantity re- 
ceived: when full, clofe the opening with a cork 
wrapped in leather, which prevents the communication 
with the atmofphere. It may now be eafily rembved 
or conveyed where it is wanted. 

When it is required to fill .a glafs receiver, as R 
with the gas, having previoufly filled the circular cif- 
tern with water, place it in the ciftcrti, put in the 
^adopting cock a> and, with the mouth applied to the 
cock, exhauft the receiver, in which the water will rife 
till fulL Then clofe the cock 0, and open the two 
cocks 1 and 2, and the gas will afcend into the re- 
ceiver, while the water will take its place in the gas* 
holder., The fubftance* to be experimented upon 

/ fhould 
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Should be placed in the deflagrating pan d, in which 
they are intended to be expofed to the attion of the 
gas by being in part ignited. 

When the blow-pipe is ufed it' fliould be fcrewetf 
on to the cock c K; the ciftern fhould be kept full bjr 
reverfing a large receiver of water over it, or any 
other fimple method, and the cock 2 only opened for 
the adrniflion of water* 

Bladders mounted with cocks may be filled with w 
gas by firft emptying them of atfnofpheric air, then 
fcrewirig them to the cock c K, filling the ciftern with 
water, and opening the cock 2. In all thefe instances 
the quantity ufed may be afcertained from the rcgiftcr, 
which has a fcale of pints or cubic inches attached 
to it. 

Oxigen gas is an elaftic invifible fluid. Its fpecific v 
gravity is 0,00135. It fupports combuftioni is necef- 
fary for refpiration and vegetation and is abforbed 
in thefe proceffes. It is considered as the caufe of aci- 
dity, and from this property is derived its name,. a 
word denoting the origin of acidity. It conftrtutCs 
0,21 parts of atmofpKeric air, and is a conftituent part 
of water. It may be obtained in a very pure ftate 
by heating oxigenated muriate of potafti in a retort to 
rednefs, and collecting the gas over water ; or in a 
more economical manner, by heating black oxid of 
manganefe to a red heat in an iron retort. 

Nitrogen or azotic gas, conftitutes 0,79 of the at- w 
tnofphcre. It is unable to fupport refpiration, com- 
buftion, or vegetation, and is riot decompofed in thefe 
procefles. It forms a condiment part of nitric acid, 

Q^3 and 
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and of ammonia* ' It may be obtained from frefh 
animal fubftanccs, by merely heating them in a retort 
with weak nitric acid. Or by making a quantity of 
fulphuret of potato or iron into a pafte with water, and 
expofing this mixture to a confined quantity of atmof- 
pheric air. The oxigen of the air will be abforbed by 
the moiftened fulphuret, and the refiduary elaftic fluid 
will be nitrogen. 

Atmofpheric air confifts of 2 1 parts of oxigen gas, 
and 79 nitrogen. Its fpccific gravity is 0,00123. Its 
component parts feem not to be chemically combined. 
It contains in folution, befides the gafes now defcribed, 
water and carbonic acid. 

Gazeous oxid of nitrogen, is a gas containing 0,37 
of oxigen. Water abforbs about half its weight of it. 
It fupports combuftion. It has a diftin& and fweet 
tafte. It explodes with hydrogen. Animals, when 
wholly confined in it, foon become reftleft and die. 
When mingled with atmofpheric air, and then re- 
ceived into the lungs, it generates highly pleafurable 
fcnfations. Gaaeous oxid of nitrogen may be obtained 
by heating nitrate of ammonia in a retort, and receiv- 
ing the gas over water in the ulual manner. 

Nitrous gas. This gas is exceedingly hurtful to 
animals. The greatcft number of combuftible bodies 
refufe to burn in it. When mixed with about $ of 
oxigen gas it produces red fumes (nitrous acid) which 
are combined with water. Phofphorus does not Ihine 
in it It is compofed of 56 of oxigen gas, and 44 

* nitrogen. Nitrous gas may be obtained by cauling 

nitric 
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Citric acid to aft upon copper, filver, srfnc, or mercury, 
and receiving the gas from the retort over water. 

Hydrogen g^s. This gas is found colle&ed in mines a 
and caverns. It is the lighted body with which we 
are acquainted. It is highly inflammable in contad 
with oxigen gas or with atmofphcric air, and detonates 
on the application of a burning body wheq mixed with 
them. It extinguifhes flame, and is hurtful to animal 
life. It difiblves phofphorus, fulphur, charcoal, arfenic, 
zinc, &c, forming with them peculiar gafes. It may 
be obtained by pouring dilute fulphuric acid upon iron 
filings or zinc, and collating the gas over water. 

Hydrogen combined with oxigen in the proportion 1 
of 14, 42 to 85, 58, forms water. Water exifts at 32 
in a folid form, and is cryftallized. At 21 2° it ex* 
pands to aooo times its bulk, and is converted into a 
very elaftic vapour. It is the only binary combination 
of hydrogen and oxigen. 

Hydrogen combined with nitrogen, in the propor T c 
tion of 6ne part of the former witlrfour of the latter, 
forms ammonia*' Ic exifts in its pureft form in a ga- 
feous ftate called ammoniacal gas. It has an urinous and 
acrid odour, irritating the noftrils and eyes, and an 
acrid and cauftiq tafte* It i$ ftot refpirable, extinguifhes . 
flame, changes vegetable blues to green, and is decom- 
pofed by being paflfed through a red hot tube, an4 by 
the electric fpark, into its component parts. It com- 
bines with all the acids and forms bcutral falts. It is 
generally clafled among the alcalies. Ammonia is . 
produced by .mingling equal parts of lime and muriate 
of ammonia, heating the mixture in a retort, and col* 

Q^4 lefting 
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■ letting the gas over mercury in the mercurial appa- 
ratus. 
6 Carbonic acid gas. This gas extinguifhes dame. 
It is fatal to animal life. Its tafte is pungent and acid. 
It unices with water, and communicates to it a fpark- 
ling property and pungent acidulous tafte. It is rapidly 
condenfed by alcalies. Its fpecific weight to that of 
atmofpheric air is as 1500 to 1000. It may be poured 

« 

out of one veflel into another. Carbonic acid gas may 
be obtained by expofing marble, or lime-ftone to a 
red heat, or by affufing upon it dilute fulphuric, nitric, 
or muriatic acids. It Is likewife produced during fer- 
mentation, ahd by burning diamond or charcoal in 

Oxigen' gas. ; ' 
.... <• • i« 

e ' Gazeous oxid of carbon. This gas confifts of 25,89 
carbop, and 74*11 oxigen. It does not fupport flame 
or refpiration. It -burns with oxigen, and is con- 
verted into carbonic acid. It may be obtained by ex- 
pofing to a red heat, a mixture of cfhalk and filings of 
zinc, qr black oxid of iron, and charcoal powder. 
,The gafes called heavy and light carbQnated hydrogen, 
differ from this merely in the proportion of their in- 
gredients. ' ° 

1 Sulphuretted hydrogen -gas is a compound of 71 
of fulphur and 29 of hydrogen. It has the odour of 
putrid eggs. Ii not refpirable, burns with oxigeti gas 
without explofion, and depofits fulpftur. It is abforb- 
able by water, and reddens vegetable blues. It may be 
procured by pouring a dilute acid upon a moiftened 
alcaline fulphuret. 

Phofpho- 
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Phofphorated hydrogen gas. This gas is the moft a 
inflammable fubftance in nature. It is particularly dif- 
tinguifhed from all other gafes by the property of 
taking fire immediately when brought into contadt with 
atmofpheric air. Mixed with oxigen gas it burns with 
grea.t violence. It is partly abforbable by water. It 
may be procured by heating in a retort dne part of 
phofphorus with two of pocafh or foda, and fix of 
water. 



CHAP. X. 

SIMPLE, OR tJNDECOMPOSABLE ACIDS J AND ACIDS 

COMPOSED OF TWO BASES. 

1 

Acids, in the language of chimifts,are thofc fubftances h 
which are diftinguiftied by the following properties: 
Their tafte is four; they change vegetable blues red; 
they unite to water without fuffcring any change ex- 
cept what depends o,n folution j they unite to alcalies, 
earths, - and mctalKc oxids, and form with them 
'cbm pounds, poffeffing oew properties, called (alts. 

Sulphuric acid is compofed of folphur and oxigen. 1 
It is alfo called vitriolic acid, becaufe it was formerly 
'prepared from the /fait, vulgarly called vitriol. It is 
ufaaUy obtained by eorpbuftion of fulphur. Sulphur 
is cithtr. found native in the neighbourhood of vol- 
canoes, or united with earths or metals. One of the j 
moft common fulphureous compounds is the pyrites,, 
or mundic. This confifts ufually of fulphur, iron, 

day, 



1 34 tVLPH URIC ACID. 

_ clay, and filiceous earth* It is generally of a yellow 
or greyifh colour, of a globular or cubic fh?pe, inter- 
nally radiated, or fometimes lamellar. With the fteel 
it ftrikes .fire plentifully, whence its name is derived. 
If pyrites be expofed to heat in clofed veflels, the fill-, 
phur fublimes; but in the open air it is decomposed 
by combuftion, the quantity and combination of the 
principles left in the mafs being by that means 
changed. 

k Pyrites, by long expofure to the a&ion of the air 
and moifture, fuffers a remarkable change in its 
component parts. The fulphur, by a flow procefs 
analogous to combuftion, becomes acidified, attrads 
water, and unites with the iron, forming fulphate of 
iron, or vitriol, and with the clay, forming alum. 
Thefe may be obtained by folution in water; and 
a fubfequent - evaporation diminiflics the quantity of 
the folvcot, fo as to caufe the falts to feparate in 
the form of cryftals. 

L If fulphate of iron be expofed to diftillation, the 
water that entered into the compofition of the cryf- 
tals rifes, and afterwards the grcateft part of tk$ 
acid, with fome excefs of fulphur * combined with it, 
leaving a brown mafs in the retort, called red oxid of 
iron, or colcothar. 

m This procefe for obtaining the vitriolic acid is not 
now ufed, becaufe a cheaper method has been cqo- 
trived for procuring it immediately from fulphur. 
A quantity of fulphur and nitre grofsly mixed, are 
. placed in a vcflcl within a fmall chamber . or rqpm, 
lined, with lead, and containing fome few inches of 

water 
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writer on its bottom. The fulpbur is lighted, and the 
room clofcd. The nitre ferves to maintain the com* . 
buftion, by fupplying oxigen, and the fulphuric acid is 
thus formed, and combines with the water. To ex- 
pedite this combination, it is faid that fteam of 
water is introduced into the clofed room during 
the combuftion. By a repetition of the procefs, the 

i 

water becomes more and more acid. And the -acid 
is then concentrated by diftilling off* the fuperfluous 

water. 

< ■ « 

Sulphuric acid is denfe, colourkfs, and has a ftronger w 
tendency to combination in mod cafes than every 
other acid. It may be fo far deprived of water as to 
become concrete, but it attracts this fluid fo powerfully 
as to deliquefce by expofure to the atmofphere in a 
fhort time, and does not ceafc to attract the humidity 
of the air till it has acquired more than fix times its 
original weight. In cafes where a certain quantity of 
air is required to be divefted of its moifture, it may 
be performed by placing a cup, containing concen- 
trated fulphuric acid, under the receiver that confines 
the air. 

Sulphuric acid has a fpecific gravity of 1.85. It 
has a ftrong acid tafte. It is decompofed by mod, 
of the inflammable fubftances. It has no a<5Hon upon 
platina, gold, tungften, and titanium. It decompofes 
the alcaline and earthy fulphurets, and reduces all or- 
ganic matters to charcoal. It contains 56 fulphur and 
44 oxigen. The combination of this acid with dif- o 
ferent bafes forms the falts called fulphates. 

.If 
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* ' If fulphuric acid be poured into a fohition of 
potafh, to Saturation, which may be determined by 
a fmall quantity of the liquid producing no change 
of colour with the tinfture of litmus, a neutral fait 
is formed -that afliimes the figure of cryftals^ as 
the water is diminished by evaporation. This is 
called fulphate of potafh, vitriolated vegetable alcali, 
•or vitriolatcd tartar, and contains 3 1 parts of acid, 
63 of alcali, and 6 of water* It is not cafy of folution 
in water, requiring 16 times its weight to diflblve it in 
the temperature of 6o°j but if the water be boiling, 
5 parts are (efficient. 

q_ Sulphate of foda, or Glauber's fait, may be produced 
in the lame manner, by making ufe of the mineral al- 
cali inftead of the vegetable. /It contains 14 parts of 
acid, 22 of alcali, and 64 of water, and refcmbles 
fulphate of potafh in many of its properties, but re- 
quires only 3 times its weight of water to diflblve it 
at the temperature of 6o°. Great part of the water 
that enters into the formation of the cryftals is difff- 
pated by expofure for fome time to the air, the fah 
gradually falling into a white powder or efflorefcence. 

r Sulphate of ammonia contains 42 parts acid, 40 
of alcali, and 1 8 of water. 

s Sulphate of lime, commonly called felenite, abounds 
in vaft quantities in nature, and accordingly as its ex- 
ternal appearance and texture differs, it is called ^yp- 
fum, lapis fpecularis, alabafter. In the temperature of 
6o* it requires about 500 times its weight of water 
to diflblve if, and thence wis formerly reckoned 

among. 
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among the earths, though its component parts are jq 
acid, 32 .earth, and 38 water. By expofure to heat a 
little below ignition, about 20 parts of its water are 
diffipaced, at the fame time that it falls into a powder, 
which is agitated by the vapours that efcape in fuch a 
manner as to caufc the appearance of boiling. This 
powder is known in commerce by the name of plafter. 
of Paris, and is chiefly qfed for making ftatues, and 
other articles that receive their figure from a mould j an 
ufe to which it is admirably adapted, by the Ipeedy re- 
fumption of a folid form, when the water of cryftal- 
lization is reftored : for, if the powder be mixed with 
water, to the confiftence of thin pafte, it may be poured 
into a mould, and will run into all the ftrokes and cavi- 
ties with the greatcft facility ; a few minutes after 
which, tlje water that maintained the ftate of fluidity, 
by mere mixture with the powder, combines intimately 
with it, and the whole mafs becomes folid. 

Sulphate of barytas contain* 84 parts of barytes, t 
13 of acid, and 3 of water; in the native fpeci- 
mens' it is infoluble, or nearly fb in water. 

Sulphate of megncfia, or Epfom fait, contains 24 u 
parts of acid, 1 9 of earth, and 57 of water. It efflo- 
fefces Kke Glauber's fait, by expofure to the air, and ' 
requires about its pwn weight of water to dtflblve it in 
the temperature of 60 9 . 

Sulphate of c]ay, or alamine, contains 24 parts of y 
acid, 18 of eaith, an<J 58 of water, and a little potato/ 
Its cryftals are ufually covered with a flight effioref- 
cencs. In about 15 times its weight of water, at the 

temperature 



13& SULPHURIC COMBINATIONS. 

temperature of 6o°, it is totally diflblved •> but at higher 
degrees of heat it is foluble in a very fmall quantity of 
that fluid. It U fufed even by its own water of cryftal- 
lization, and boils up into a frothy mafs, which gradu- 
ally dries into a white friable fubftance,; called burnt 
alum. The alum is, however, no otherwife changed 
than by the lols of its water, and may be reduced 
again into its original' form by reftoring it. 

w The combination of fulphuir with an alcali may be 
madd either in the dry way, by melting the two fub- 
ftances together; or in the moiil way, by boiling ful- 
phur in an alcaline lixivium, and evaporating the 
water* This laft method is, however, (eldom made 
ufe of. The fulphuret has a fetid fmell, is foluble 
in water, and is very deliquefcent. 

x * The combination of fulphur and alcali attracts 
water from the atmofphere, which it decoropofcs, to- 
gether with the water. 

y Sulphate of iron, or martial vitriol, known vulgarly 
by tjhc name of green copperas, contains, when recently 
cryftallized, 20 parts of acid, 25 of iron, and 55 of 
water * but it cfflorefces by the loft of part of its water 
when expofed to the air. It requires 6 times its weight 
of water to diflblve it in the temperature of 60* 
This fait is ufed in dying blacks, and in making lok 
for writing. * 

z Sulphate of copper, or blue vitriol ; of this 30 parts 
in the 100 are acid, 27 copper, and 43 water. It is 
vfually obtained from waters in Hungary, Sweden, or 
Britain, in which it is naturally diflblved. It requires 

« about 
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about 4 time^ its weight of water to difiblve it in the ' 
temperature of 6o\ fn feme places the waters na- a 
rurally containing this fait are made to depofic the 
copper by expbfing pieces of iron to their aftion. 
For the' acid quits the copper, and forms ftilphate of 
iron, by uniting with the iron^ which receives the ne- 
ceffary portion of oxigeri from the oxide of copper, 
which confequently refumes its metallic ftate. The 
fulphate of. iron being foluble, remains in the water, 
while the copper falls to the bottom in a muddy or 
powdery form. If the folution, or Water containing 
fulphate of copper, has no confiderable excefs of acid, 
80 parts of iron will precipitate too of copper. One 
of the tefts of the prefence of fulphate of copper in a 
liquid confifts in dipping a piece of clean bright iron 
therein, which becomes immediately covered with a 
thin ' coat of copper, in confequence of the beginning 
of the procefs of transferring the acid from one metal 
to the other. 

Sulphate of zinc, vulgarly called white vitriol, is of » 
a white colour, and contains 22 parts of acid, 20 of 
zinc, and 58 of water. It is foluble in about twice its 
■weight of water at the temperature of 6o*. 

Sulphureous acid, is a permanently elaftic aeriform c 
fluid % when condenfed by water, it is called fulphu* 
reous acid. It iias a ftrong fuffocating odour. It is in 
the gazeOus ftate deleterious when infpired. It con- 
fifts of 8 fulphur and 13 *oxigen. Its combination 
with different bafes conftitutes the fait* called fol* 
phatc*. 

Nitric 
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D Nitric acid confifts of oxigen cbmbined with nitro- 
gen. It is liquid, colourlefs, and t ran fpa rent. .It is 
very corrofive, and tinges the fkin yellow. It is de- 
compofed by many fubftances. Light converts it in 
part into nitrous acid. It ads on all the metals, pla- 
tina, gold, and titanium- excepted ; and when concen- 
trated fets fire to oils. It may be obtained by pour- 
ing upon two parts of nitrate of potato, introduced 
into a retort, one part of fulphuric acid, and diftilling 
the mixture. . , 

e Nitrous acid differs from nitric acid merely in con- 
taining nitrous gas in a date ofloofe combination. 
f Muriatic acid is a permanently elaftic aeriform fluid. 
It deftroys life, and extinguifhes flame. It is abforb- 
ablc by water, and conftitutes with it liquid muriatic 
acid. When pure it is perfectly colourlefs. It emits 
copious white fumes in a moid atmofphere. It is 
unalterable by any known combuftible body. Its com- 
bination with earthy, alcaline, or metallic bodies, fprms, 
falts called muriates. 

Oxigenized muriatic acid is, likewife, a permanent 
aeriform fluid. It is compofed of 84 muriatic acid 
and 16 oxigen. It is of a yellow cplqur both when in 
a gazeous and in a liquid ftate, of a very pungent odour 
and acrid taftc. It fupports flame ; but is abfolutely 
fatal when introduced into the lungs. It bleaches or 
deftroys vegetable colours. It is decompofable by 
light. Oxigenized muriatic acid may be produced by 
caufwg muriatic acid of commerce to ad upon black 
oxid of manganefe in a retort, and receiving the gas in 
water. 
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The union of oxigenized muriatic acid with different h 
bafes, forms the falts called oxigenized muriates. 
They are remarkable for inflaming combuftible bodies 
by mere fridion and with detonation. 

Nitrb-muriatic acid is a mixture of the nitric and 1 
muriatic acids, or of the nitric acid with common fait* 
or muriate of ammonia. It is vulgariy called aqua 
regia, from its property of difiblving gold* The, powet 
of this folvent on gold confifts in the muriatic acid 
becoming fupplied with oxigen from the nitric acid. 

Fluoric acid is an invifible elaftic aeriform fluid. It J 
has a pungent fuffoca ting odour, is heavier than air, and 
remarkable by the property of difiblving glafs or filcx* 
It is combinable with water, and then conftitutes 
liquid fluoric acid* irexifts in nature combined with ♦ 
lime, and forms fluate of lime, fluor, or Derbyftrire 
fpar* This fpar is either tranfparent or opake, of dif- K 
ferent colours, and generally has a cubic, rhomboidal, 
or polygonal figure. Mod fpecimens, ~*fpecially the 
coloured, have the property of becoming phofphoref- 
cent, or emitting light, when heated far below ignition* 
as may he done by laying theni on a hot iron ; but 
they lofe this property by being made red hot. It does 
not ftrike fire with fteel. The calcareous earth is 
fifty-feven parts in the hundred, and the reft fluoric 

acid and water. 

* » - 

If an equal, weight of concentrated fulphuric acid be J, 
poured on pulverized fluate of linae, in a retort made 
of lead, a decompofition of the fluate takes place with 
heat. The fulphuric acid feiz.es the lime, and the 
fluoric acid efcapes in the form of gas, which may be 
' Vol. II* R confined 
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confined by mercury, but unites with water in very 
considerable quantity. If die add be wanted in a 
iuid ftace, it is neceflary to adapt a receiver, contain* 
ing water, about five or fix times the weight of the 
fpar. This acid, efpecially when heated, and in the 
aerial form, diffolves, apd retains filiceous earth, which 
k takes from the glafs-veflels during the diftittation, 
foon corroding them through, if they be not very 
thick. The fluor acid gas depofits forac of this earth 
by cooling ; and the greateft part in the form of a 
white cruft oh the furface of water, when it combines 
with that fluid. In Order to obtain the acid free from 
filiceous earth, it is therefore ncceffary to ufe leaden 
veffels. 

m The feline combinations formed by uniting this acid 
with aicalis, earths, or metallic oxids, are called filiates* 

n Bo^acic acid cxifts in the form of fmaH fhining, 
laminated cryftals. It is fixed and verifiable in the fire. 
Soluble in water and alcohol, to the Bitter it imparts 
the property of burning with a green flame. It exifts 
pnited to fod? in the fait called borax. United to 
lime it forms the mineral called borate of lime. Bo- 
racic acid may be procured by dropping into a fbiutioi* 
of borate of foda, fulpfiuric acid, till the folution be ra- 
ther more than fati^rated. On evaporating the flu$ 
•> white fcales will be depofned, which when colljtdted* 
rediflfolved, and dried, are boracic acid. 

o If borax be diffoived to faturatioi* in- water, and 
the fujphuric acid be added, this laft will combine with 
the aleali, and difengage the fedative fair, which will 
(mm at the furface, in the form of white fcales. The 

,. .JHwrcd 



filtered Hqoor will yield fulphate of foda> or Glauber's 
fait* This acid is alfo obtained by fubtimation* the 
alcaline bafe being feparaced by the previous addition 
pf fome ftronger acid. \ - ' 

The acid of borax requires fifty times its weight, p 
pf water to hold it ih foludon. Its acid properties 
When uncombiiied are but' weakly manifefted. 

The component parts of purified borax are, 17 ^ 
parts of foda, 34 of a peculiar acid called the acid 
of borax, or fedative fait, and 47 of water* In this 
^combination not more than about 5 parts of th* 
afcaji are really fa'turated, for which reafon bprax in 

many cafes a&s as an ajcali. 

Phofph^reous acid is a colourlds fluid of am oi)y ftp* r 
pp^ance. It has a fetid odour and difagreeabie uftc, 
pmits thicH whue fumes, and vivid flame when ftrongjy 
h*atpd> and is decompofed by charcoal. The propor- 
tions of phofphonjs and o*ig«ni of which it coqQ^ 
pre nW y$t determined* It forms falts calldd pho£> 
phatjej. Phofphoreous acid may be obtained, by plac- 
ing fticks of fojid phofphprus in a glafs funnel, in- 
ferred ih the neck of a bottle containing water. A 
pietip of glafs wbe, inferted in the neck of the funnel, 
will prevent the fticks from falling through. In this 
Jkuation, if the temperature be moderately warm, the 
phofphorus will be gradually oxigenized by flow com* 
bullion. 

Phofphoric acid is compofed of to$ parts phofpho* s 
rus, and 154 oxigen/ It is cryftallizable, fufible, and 
ykrifiable. It rapidly attra&s moifture from $e at- , 
jnofphcre, and becomes heated when mingled with 
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water It is dccompofed at high temperatures by 
carbon, and by feveral metals. It forms falts called 
phofphites. Phofphoric acid is found in great abund- 
ance in nature, combined with lime, forming *he bones 
of animals. It alfo exifts united to oxides of metals, 
r If the bones of animals be burned in the fire till 
they have become white, they arc in a proper ftate to 
afford the phofphoric acid. Three parts by weight 
of this matter in powder may be gradually added 
to two parts of concentrated fulphuric acid, and after- 
wards about five parts of water* This mixture muft 
be left to digeft for a day, water being added occafion- 
ally to fupply what evaporates j at the end of which 
< time more water muft be plentifully added, and the 
* liquor drained through a fine fievc. What remains in 
the £eve is gypfum, or fulphate of lime. The liquor, 
by evaporation to drynefs, leaves a refidue, confiding 
in a great meafure of the phofphoric acid, which has 
. been difengagcd from its bafe by the fulphuric acid. 
This refidue, urged by a ftrong heat, Bows into a kind 
of glafs of a whitifh femiopake appearance called gla- 
cial acid ofphofphorus. 
u Arfenious acid confifts of 93 parts of arfenic and 7 
of oxigen. It is not cryftallizable, and is very fixed in 
the fire. It is decompofable by all combuflible bodies 
and by many oxids. It has a (harp acrid tafte and an 
alliaceous odour. It is called in commerce white 
arfenic. It is chiefly procured from arfenical ores of 
cobalt by fublimation. 
v Arfenic acid attra&s moifturc from the atmofphere, 
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-and is fgkibte in -f its weight of water: by a red heat it 
Jofcs part of its oxigen and becomes converted' into 
'arfenious acid.; it confifts of 91 of arfepic, and 9 of J 
oxigen. It may be obtained by cauling nitric or 
nitro- muriatic acid to ad by heat on arfenious acid 
repeatedly, and fubfequent abftraction of the acid. • 

Molybdic acid is a yellowiih white powder, of an vr 
acid and metallic tafte. v It remains fixed during an in- 
tenfe heat as Jong as thp crucible is covered, but the 
moment it is uncovered x the acid rifes unaltered in 
white fumes. It is folublc in about 600 parts of water. 
, Paper dipt into this folution becomes blue when ex- 
pbfed to vivid light. It forms a blue folution with 
fulphuric.acid, Molybdic acid may be obtained by 
detonating molybdena in a red heat with nitrate of 
potafh and fubfequent folution. Or, by diftilling ni- 
tric acid repeatedly over nativ^ molybdena, and* • 
wafhing the refiduary molybdic acid with water to 
free it from any adhering acid. 

Chromic acid exifts combined with oxid of lead, in x 
the red lead ore called chromate of lead ; it is alfo 
found united to iron, forming the native chromate of 
iron. Chromic acid is of a ruby red colour, of a 
/harp metallic tafte, foluble in water, dccompofable by 
heat, and reducible by charcoal. It may be obtained 
by fufing the chromate of lead with carbonate of pot- 
afli, and decompofmg the folution by nitric acid. 

Columbic acid exifts in the new difcovercd ore y 
called cojumbate of iron. It is a white powder, folu- 
ble in boiling fulphuric and muriatic acids, and precipi- 

R 3 tabic 



44* COMPO0N0 ACIDS. 

tabic by water, poeafh, and foda. It forms to olite* 
g*e*n precipitate with pruffiate of potato, h.unifie* 
to potafti and foda, but not with ammonia, 



CHAP. XI. 

ACIDS C6Mt>OiED OF MORE THAW TWO BASES. 

Z Acetous acid is a transparent and colourlefs fluid, 
of an add taftc, and peculiar pleafaftt odour. It is 
Convertible into vapour at about fc 1 2°, and combinable 
with water in every proportion. It acts on almoft all 
the metallic fubftances. It diffolves boracic acid, and 
abforbs carbonic acid gas. It is formed by the fer- 
mentation of wine, on which account it is called vi- 
negar. However wine is not indifpenfably necefiary for 
its produ&ion, as it is found in the urine of animals. 
The acetous acid produced in fermentation is, however, 
far from being pure acetous acid, but may be obtained 
by diftillation. For this purpofe the ftrongeft vi- 
negar fhould be carefully diftilled in a retort 

a Acetic acid is 'acetous acid deprived of part of its 
carbon. It has a more pungent fmejl than acetous acid. 
Its odour is fo penetrating that when concentrated it 
is infupportable. It blifters and reddens the flcin. It 
may be obtained by diftilling acetate of potato with 
lulphoric acid, or by ftrongly heating in a IttQit metal- 
lic acfetate?. 
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: Oxalic acid is always concrete. It is particularly b 
xliftinguifhed by its ftrong attra&ion for lime. It ads 
uponmoft of the metals. It contains more oxigen 
than any other vegetable acid ; and is foluble in alcohol, 
in muriatic and acetous acids. It may be obtained by 
boiling gently one part of fugar with five or fix of 
nitric acid, and evaporating the folution to cryflalliz- 
attcil. 

Tartareous acid exifts in the juice of many vege- c 
tables, generally combined with lime. It appears in 
the form of tabular cryftals. Its tafte is exceedingly 
(our. It is not altered by the air. It readily di Solves 
in water. It takes lime from the nitric, muriatic, phof- 
phoric, and acetous acids. It has a ftrong tendency to 
unite to potalh. In one proportion it forms a foluble 
/alt, (tartrite of potato), but when the acid is in excels 
it forms a fait of difficult folubility, (acidulous tartrite 
of potafli). From f this property the prefence of tar- 
tareous acid in any folution may eafily be detected/ 

To obtain tartareous acid, diflblve 32 parts of o 
crtam of tartar in water, and throw chalk into it gra- 
dually till it is completely faturated, a precipitate wiH 
be formed, which is tartrite of limtej decant the fluid, 
put the tartrite of lime into a matrafs, and pour 
over it nine parts of fqlphuric acid arid five of Witter g 
digeft the whole for fix hours, taking care to ftir in 
•from time to time; the tartareous acid will then re* 
main free, and may be feparated, by means of ccdtjl 
water, from the folphate of lime which has been 
formed, and may be cryftallized by f offering k to cvat 
porate flowly. 
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* 

e To alcertain whether the tartareous acid contains 
fulphuric acid, let fall into it a few drops of acetate 
of lead : if the precipitate, which is formed, be 
entirely foluble in acetous acid, the fluid contains no 
fulphuric acid; if it is not foluble, fulphuric acid is 
prefent: to free it from this the fluid muft again be 
digefled over another quantity of the tartrite of lime. 

r Malic acid. This acid is found in the juice of un- 
ripe apples, and in thofe of barberries, elder-berries, 
goofel)erries, plums, and the common houfe-leek. 
It cannot be obtained in a cryftalline form,, but appears 
always in the liquid date. Its tafte is unpleafantly 
foUr. If left expofed to the air it gradually undergoes 
'a fpontancous decotppofition. Nitric acid converts it 
into oxalic acid. / 

g * To prepare malic acid, take the juice of apples, 

% faturate it with potato, and then add a folution of 
acetate of lead, till it no longer odcafions a precipitate* 
wa(h this pfecipitate, which is malate of lead j pour 
over it fulphuric acid till the liquor acquires an acid 
tafte without any mixture of fweetnefs, and then filter 
the "whole, in order to feparate the malic acid from 
the fulphate of lead which is formed. 

Malic acid is alfo obtained by adding to the ex* 
preffed juice of houfe-leek, a folution of acetate of 
lead, till no furtherprecipitate enfues. The precipi* 
tate, after being wafhed, may be decompofed by ful» 
phuric acid as before. 

H r Gallic acid exifts in the gall-nut, in the huflc of 
nuts, in oak bark, and in all thofe vegetables com- 
monly called aftringents. 

Gallic 
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Gallic acid appears in the form of minute needle- 
fhaped cryftals. Its tafte is four, and auftere or aftrin* 
gent. It ftrongly reddens blue vegetable colours. It 
is folublc in about 10 paYts of cold, and in -three of 
boiling water. It is not altered by expofure to air. 
Expofed gradually to a gentle heat it foblimes without 
alteration, but if expofed to a ftrong heat, quickly ap- 
plied, it becomes decompofed into ^carbonic acid, and 
carbonated hydrogen gas. It has a ftrong tendency to 
unite with metallic oxids. With the red oxid of iron it 
produces a deep black precipitate. This combination 
is the bafis of ink and black dyes. 

Gallic acid may be obtained, according to 
Scheele, in the following manner : Reduce a pound of 
nut-galls into powder, and pour upon it fix pounds of 
diftilled water : Leave this mixture to macerate for the 
fpace of 15 days at a temperature of from 68° to 77 . 
Then filter the liquor ; and after the filtration, expofc 
it in a vefiel of glafs or ftone^ware, to evaporate (lowly 
in the air. During this evaporation, which may be 
continued during two or three months, the gallic , acid 
will be depofited in cryftals, on the fides and bottom 
of the veiflTel, and on the inferior furface of a pellicle 
which will have formed over the mixture^ At the end 
of this period, pour off the liquor. Then diflblve 
whatever remains in the vefiel in alcohol. This laft 
foliition, evaporated, will afford the pure gallic acid in 
cryftals. 

Gallic acid may likewife be obtained by cxpofing 
powdered nut-galls in a retort to a moderate heat. 
The acid by this means fublimes 5 part condenfes in 
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fmall white cryftab, and part is obtained in a fluid 
form, from its combination with a portion of water in 
the galls. 

j Citric acid exifts in die juice of lemons and oranges, 
and other four fruits. 

It cryftaliizes in rhomboidal prifma, which fuflfer n6 
alteration from expofure to air. They are eafily tHk 
folvcd ' by water, and excite a very four taftc, which, 
when diluted, is exceedingly plcafant. One part of 
boiling water diffol vcs two of citric acid. It a&s upon 
iron, zinc; tin, lead, and various other metals. Nitric 
acid converts it into oxalic and acetic acid. Expofed 
to a red heat, it becomes decompofed into carbonic 
pcid, and carbonated hydrogen gas, and a little charcoal 
remains behind. It may be obtained in the following 
manner : 

K Saturate any quantity of boiling lemon juice, by 
adding to it gradually, pure chalk, in fmall quantities, 
until the effervefcence ceafes, on adding to it a new 
portion of chalk. During this procefs a white preci- 
pitate will be formed, and fall down to the bottom, 
confiding qf citric acid and lime, (citrate of lime). 
Separate this precipitate by transferring the whole on a 
ftrainer, and pour water over it till this fluid pafies 
taftclefs. Transfer the wafticd precipitate into a ma- 
trafs, or other convenient veffel, and pour over it as 
much fulph&ric acid as will neutralize the chalk em- 
ployed, having previously diluted the acid with fix 
tittles its weight of water. Boil the whole about half 
an hour, agitating it with a wooden fpatula during the 
whole time, and then pour it on a filter, taking care to 
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return tfc€ fiord, Which pfcfles' through* Nek upon the 
filter until it becomes petfe&ly clear* Hating don* 
this, evaporate the fluid in a (hallow veffel to the cob* 
fiftence of a thin fyrup, tfnd leave it to cryftallize un« 
cfifttirbed. The cryftals obtained are citric add* in 
Grt!er to obtain them in a (late of purity they muft be 
reffiflblved, the fclfttion muft be filtered, attj recryftaj- 
Hztd repeatedly. Four parts of chalk require in gen** 
tal, for faturatton, 94 parts of lemon juice. The citrate 
of lime produced amounts to about 7^ parts* To de» 
fcomptffe this, neatly &o parts of (ulphurfc acid are 
ftedeflaty. 

Succinic acid cxifts in the (ubftance called- amber, t 
It cryftalliies in white transparent triangular prifms. . 
It may be melted and fablimtd, but fuffers a partial 
decorripofition. It is foiuble in alcohol. It may be 
Obtained by expofing amber tb heat. The acid fub- 
limes, and may be purified by repeated folution and 
frryftallizatibn. 

Benzoic acid cxifts in the refin called benzoin, and 14 
various dther odbjifetous fubftahces. Benzoic acid 
cryftallizes iri prifmatic cryftals. . It has a pungent 
ttfte. It fufes by heat, is foiuble in alcohol and ful- 
phuric acid. 

< Benzbifc atfd is beft obtained by boiling fefreatedly tr 
fbur parts df pdwdefed benzoin wtth one offline* in 
four part$ of Water, filtering the folution, and adding to 
it^nturiaric add, till no further precipitate enfucs. 
The precipitate obtained is benzoic acid. It may be 
purified by repeated (bUnions, titrations, and cry ft al- 
ligations. 

Benzoic 
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o ; Benzoic acid may alfo be obtained by crpofing ben- 
zoin in a crucible to a gentle heat, and covering the 
crucible with a cone of blotting paper. The acid fub* 
litnest and affixes itfelf to the paper. 

p Camphoric acid cryftallizcs ra white parallelopipeds. 
It has a bitter tafte, efflorefces in the air, is foluble. 
in alcjohol^ and very volatile. For obtaining camphoric * 
acid, camphor muft be repeatedly diftilled with nitcift 
acid ; cryftals. will then appear, which after being walhed 
are camphoric acid. 

Mucous acid is a white gritty powder* x>f a flight 
acid tafte, fparingly foluble in water, but more fo in 

j^ alcohol. To obtain mucous acid, take one part of 
gum-arabic reduced to powder, put it into a retort, and 
pour over it two parts of nitric acid ; heat the mixture 
gradually, keep it boiling for about a quarter of an 
hour, and then fuffcr it to cool; a white powder will 
feparate, which after being waflied is mucous acid. 

Mucous acid may be obtained, by treating fugar of 
milk with nitric acid, in a fimilar manner. 

k Pruffic acid. This acid derives its name from the 
well known pigment called Pruffian blue. 

Pruffic acid exifts in the form of a colourlefs fluid/ 
It has a ftrong odour greatly refembling that of peach- 
tree flowers, or of bruifed bitter almonds. Its tafte is 
fweetifh but acrid. It is very volatile and inflanj* 
mable when in the ftate of vapour or gas. It does not 
redden the moft delicate vegetable blues. It is eafily 
decompofable at high temperatures, and becomes con- 
verted into ammonia, carbonic acid, and carbonated 
hydrogen gas. It does not ad upon any of the metals, 
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tut readily unites with moft of their oxids. It has a 
great tendency to form triple compounds with alcalies 
and metallic oxid$, and in that (late it decomposes all 
metallic Salts, and hence it is one of the moft impor- 
tant reagents of the chemift. 

Pruffic acid may be eafieft obtained by diftilling s 
two parts of Pruffian blue with one 6f fulphuric acid, 
previoufly diluted with fix of water. 

Laftic acid exifts in the whey of milk. T 

Milk in a fhort time grow* four and thick during 
f ' Summer. By filtration and evaporation the curds may u 
be Separated, and the whey is found to contain this 
acid. The whey being evaporated to one eighth, 
for the more effe&ual Separation of the curd, 
and then drained, the acid is to be Saturated with 
lime. PhoSphate of lime is by this means precipi- 
tated, becaufe deprived of the excels of acid that be- 
fore rendered it Soluble; but the acid of milk, forming 
a Soluble compound with the lime, dill remains Sus- 
pended: the former is therefore Separable by filtration. 
A Solution of acetate of lead being added, Seizes the 
lime, and leaves the acid of milk again uncom- 
bincd. Spirit of wine diflblves this acid, but none 
v of the other Subftances that remain in the whey. 
Evaporate the water, which would impede the adfcion 
, of the Sprit by diluting it, and when the maSs is of the 
confidence of honey, add the fpirit. To jhis acid Solu- 
tion, aSter filtering, gdd pure water. Diftillation will 
carry off the Spirit, and leave in the retort pure acid of 
imilk, difiblved in water. The acid of milk yields no " 

cryftals, 
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cryftals, and wh*n evaporated to dryncft, deBqVcfittf 
again. It \is deftru&ihle by fire, affording water, * 
weak acid, aerial acid, inflammable air, and coat If 
exceeds vinegar in attra&ive power. - 

Suberic acid, or acid of cork* 

Suberic acid may be produced in a fbh'd form* Ic 
is volatilized by beat. It has a (harp acid bhterifl* 
taftc; it alts ftrongly uppn the throat and e*cite* 
coughing. It ftrpngly reddens vegetable blues, and 
hfc the peculiar property of turning the blu* fplution 
of indigo in fulphuric acid to green. It is difficultly 
foluble in cold, but eafily fpluble in boiling water. 
When urged by the heat of a blow-pipe, it fafes, be* 
comes dry, and at l?ft fublimes entirely. It may h$ 
obtained in the following manner : \ 
r Introduce one part of cork cut into fmall pieces int<j 
a retort, and pour upon it fix of nitric acid, dftil the 
mixture with a gentle heat till no more nitrous gai 
appears. Then pour the contents into a bafon, and 
evaporate it till it acquires the confidence of honey, aqd 
a pungent fufibcating vapour arifes; then add to it 
twice its bulk of boiling water, heat it gendy and pour 
it on a filter. The fluid which paflcs, when cooling 
depofits a precipitate, which muft be feparatedi the 
fluid is then evaporated to dryncfe, and th* produft 
obtained is fuberic acid. 

Sebacic acid. This acid exifts in a concrete (qmu 

It is void of odour. Its taftc is flightly acid. Whtf* 

heated it liquefies like tallow. It is foluble in wH 

water. Bailing water diffblvcs it very readily; It \p 
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ajfa folublc in alcohol. It precipitates the teethes and 
nitrates of filver .and mercury. It may be obtained in 
the following manner : 

Diftil hog's lard, wafli the produd with hot water, t 
and drop into it a folution of acetite of lead, till it oc- 
cafions no further precipitate. Colleft this precipitate, 
wa(h it, and dry it Having done this, pour over it 
fulphuric acid, and heat it ; a fubftancc refembling fat 
will then appear on the furfacc. This, being colle&ed, 
diffolved in boiling water, and fuffcred to cool, cryftak 
Hzes, and is febacic acid. 



CHAP. XII. 

MR MENTATION IN GENERAL, AND ITS P&QDPCTfU 

* 

It is well known that all organifed fubftances after z 
life, fuffer certain changes if placed in a due tern* 
perature, and in contact with air and water. Our pre- 
fent obje£t, however, is to confider only fuch changes 
as fliuft be examined by the chemical philofophcr on 
account of the light they throw upon many of the phe- 
nomena of nature and art : It is therefore proper to 
give the theory of fermentation, of which five kinds arc 
, diftinguifhed, namely, the faccharine, which produces 
fugar ; the vinous, which produces wine, beer, &c. ; 
the panary, which produces bread s the acetous, which 
produces vinegars ancj the putrefactive which produces 
ammonia. 

Saccharine 
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Saccharine fermentation. The grain of barley, or ddier 
corn when moiftencd and expofed to the air at about $o\ 
foon fwells and (hows marks of germination, by pufliing 
forth a radicle. If the fermentation be then checked 
by expofing them to a confiderable degree of heat, 
they mil be found to be changed, in part, into a fweet 
jaccharine fubftancc. 

The oxigen of the air in contact with the feeds is ac 
the fame, time converted into carbonic acid gas, by 
combining with part of the carbon of the feed ; and 
there is a confiderable evolution .of heat in the ferment-, 
ing mafs, to fuch a degree as fometimes to caufe it to 
burn. % Similar phenomena occur in the maturation of 
fruits, during the drying of hay when put up too 
wet, &c. 

Vinous fermentation. The conditions neceffary for 
the vinous fermentation are the prefence of fogar e». * 
trait, mucilage and water, in a temperature of about 
70 . When thefe circumftances exift an inteftine mo- 
tion commences in the fluid, it becomes turbid, heated, 
and bubbles are difengaged, confiding of carbonic 
acid gas. After a time the fermentation ceafes, the 
'dregs partly rife to the top, and partly fubfide to the 
bottom, the liquor becomes clear, having loft its faccha- 
rine tafte, and aflumed a vinous one. The fubftances 
mod commonly fubjc&ed to this fermentation are the 
juice of the grape, the juice of apples, and other fruits, 
and an infufion of malt, which when fermented with 
yeaft forms beer. The brifknefs and fparklirig appear- 
ance of fome of thefe liquors depends on their being . 
put into clofe veffcls before the fermentation is com- 
pleted; 
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pleted i by which means a quantity of carbonic acid gas s 
jY retained. » 

Acetous fermentation. If wine or any other vinous c 
fluid be expofed to a heat, from 7 5 to 8 5 F. and air 
be admitted, the properties of the fluid are altered 
remarkably, it lofes its tafte and odour, it, becomes . 
• four, and turns into vinegar, without the emifliqn' of 
carbonic acid gas; During this change the fluid is firft 
rendered turbid, its furface becomes covered with a 
mouldy pellicle, a quantity of fibrous matter feparates, 
and forms a kind of flrin which (inks down to thcx 
bottom, vulgarly called mother of vinegar. The 
liquor gradually becomes clean 

The rnoft ufual method of making vinegar is by D 
means of two veflels, . each • containing fome refufc of 
grapes, and fuch matters ; one of thefe is filled with 
wine, the other is half filled. In the latter the fer- 
mentation firft begins, at which time it muft be checked 
by filling this veffel out of the other. Soon after the 
fermentation takes place in the other, at which time this 
is to be refilled in turn and fo the procefs goes on 
alternately for fome weeks, when the vinegar is made. 

Vinegar may alfo be prepared from water, containing x 
raifins or fugar, about three pounds to the gallon, or the 
fceccs or dregs of apples, pears, &c; frorA which the 
juice has been expreflcd. 

Vinegar fully fermented is clear and nearly colotif - * 
lefs, it has a pleafant pungent odour, and a four tafte. 
It poffefles all the properties of an acid. When freed 
from its mucilage, and other heterogeneous admixture 
by diftillation, it conftitutes acetous acid, 
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o Panary fermentation is left ortcferftood than th6& 
already noticed. A pafte of wheat-flour and water *x* 
pofed to a temperature of 6$° fwells, emits a fmall 
quantity of gas, and acquires new properties. The 
gluten difappcars, -and it acquires a four difagreeable 
tafte. If a juft proportion of this fermented pafte or 
leaven, or what is ftill better, if fome barm be formed 
into pafte with wheat- flour and water, the fame fer- 
mentation is excited, without the difagreable tafte 
being produced; the gas evolved is prevented from 
cfcaping by the vifcidity of the pafte which, therefore, 
fwells j and if baked, forms light fpotfgy bread. 

H Putrefadtive fermentation. When the fpontaneoui 
decomposition of vegetable fiibftances is fbflfered to 

.proceed beyond the prdduftion of the acetous acid, thfc 
vinegar gradually becomes vifcid and foul, air is* emit- 
ted with a fetid odour, an earthy fediment is depofited; 
and when the whole procefs is finished fcarcely any 
thing remains but the falts, the charcoal and the earths 
which formed a constituent part of the vegetable The 
fluid, if any is left, eonfifts of water and acetous acid.. 
This decomposition is calledputrefa&ive fermentation, its 

i properties being more Striking in animal matter. In 
animal matters the phenomena Which attend are the 
following : The colour of the fubftance iirft becomes 
paler, its texture foft, it acquires an intolerably fetid 
odour, its organization is deftroyed. The fubftance 
increafes in bulk, air bubble^ are difengaged* and the 

fahole becomes gradually converted into a greenifli black 
matter of a pulpy confidence, and laftly fluid j a phof- 
phorefcent light is frequently emitted. In this ftate it 
* * ■ , remain* 
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remains for fome time, lending forth a horrible offen- 
five odour. This odour gradually difappears, the foft 
fubftance acquires more and mpre confidence, and be- 
comes at laft converted into a dry friable powder re- 
lembKng a mixture of earth* 

It is obvious, that during this procefs all the princi- ) 
pies which form the organized animal matter, aft upon 
each other according to certain laws, the precife 
nature of which has not been hitherto accurately afcer- 
tainedi The gafes which are developed, and which 
fill the cavities and cellular texture, fo as to inflate and 
pirfF up the body are, evidently, ammonia formed by 
the uniqn of the nitrogen and hidrogen of the animal 
matter, and afterwards phofphorated hidrogen, fulphu* 
rated hidrqgen, carbonated hidrogen, and carbonic 
acid. In fome cafes nitric acid is formed. The 
earthlike refidue which remains after the procefs of 
gutrefa&ion has taken place, confifts of charcoal with 
other earthy and faline matters. Thus it appears that K 
the elements which formed the organized animal bodj^ 
unite together during the procefs of putrefaction, two 
and two, and form a new fet of binary compounds of a 
more fimple nature, which enter again with other fub- 
ftances, under favourable circumftances, into new com- 
binations, and tfyus ferve for the reproduction and fup- 
port of dead or living matter. 
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Of^Magnetifm. 
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CHAP, L ,. 

CONCERNING MAGNETISM; THE METHODS OF COM- 
MUNICATING IT, AND THE VARIATION OF THE 
COMPASS. 

a That remarkable property' which iron poficfles, 
of becoming magnetical, feems to Hand alone 
among natural phenomena. It is the only inftance 
of permanent attra&ion which ia fufficiently ftrong 
to become the objeft of vulgar attention; and 
philofophers obferve its efic&s with furprife and 
admiration, while the moft cautious and rational 
are obliged to confefs that the caufe is entirely 
unknown. 
B A ftraight bar of iron, which in the northern 
parts of the world has flood a long time in a ver- 
tical pofition, is found to have acquired the pro* 
perty of attra&ing other iron at its extremities* 
and, if fupported in a vefTel, fo as to float at li- 
berty upon water, conforms itfelf to a direftion 
nearly in the plane of the meridian; the end, 

which 
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"Which during its perpendicular filiation was down- . 
wards, always pointing towards the North. This 
bar is faid to be magnctical ; and the unknown 
caufe of thefe and other concomitant effe&s is cal- 
led magnetifm. 

Magnetifm may be given to iron, or rather fteel, c 
by many . methods. The difpofition to conform 
to the plane of the meridian is called polarity, and 
is of fuch importance in its application, that the 
modern art of navigation could not be pra&ifed 
without it. The mariner's compafs is thus con- 
ftru&ed. A flat thin bar of fteel, rendered magne- 
ticalj is fattened underneath a circular card, di- 
vided into points (56,, k), fo that the direction of 
its length may correfpond with the line n s (fig. 
132, PI. xxi 1 ). This bar i» perforated in the middle; 
and iq the perforation is fixed a brafs cap, hollowed 
out conically, which confequently is in the centre 
of the card. The card thus provided with a 
magnetical bar, is then fupported horizontally, by 
placing the cavity of the cap on an upright me- 
tallic point, and is therefore at liberty to revolve 
into any • horizontal po fit ion. But the bar, which 
is ufually termed the needle, conforming itfelf to 
the meridian, caufes the fleur de lis of the caid 
to point to the North: confequently, the other 
divifions muft denote the refpedtive bearings of 
the points of the cojnpafs. This card being thus 
fufpended in a hollow box, and defended from 
the wind by a pane of glafs, with the addition of 
a contrivance tcr prevent the eflfe&s of the agitation of 

S3 the 
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the /hip, is the mariner's compafs ; by the help of which, 
veflels are enabled to fteer their courfe with fafety 
in the darkeft night, and at any diftance from 
ihore. 

v t In the examination of the magnetifm of various 
bodies, as for example, platina (167, b) or nickel, 
it may be of importance . to know the degrees 
of magnetifm as difcoverable by experiment, which 
ate the following. The weakeft is when a body 
floating on water flowly follows a ftrong magnet* 
held almoft touching it : the next is when the magnet 
can repel as well as attrad: the body ; a ftill 
1 flronger degree is, when the body conforms its 
portion to that of the magnet held over it; the 
fourth is when the body left to itfelf aflbmes a partU 
ciilar pofition, and returns to it when difturbed ; the 
fifth is, when the body, taken out of the water, and 

. "brought near a light compafs needle, caufes it to 
deviate from the magnetic meridian. All ftronger 
degrees of magnetiftn may be obferved by lefs 
-delicate methods. 

S The ends of a fimple magnetical bar are 
called its poles; and that pole, which, when 
"It liberty, would point to the North is cal- 
led the North-pole, and the other is called the 
South-pole. 

¥ Universally, in two magnetical bodies or mag- 
nets, an attra6Hve force obtains between the North- 
pole of one, and the South- pole of , the other, and 
* repulfive force obtaias between poles of the fame 
fmme. But the repulfive force which exifts be- 
tween 
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.tyeen poles of like names, but unequal power, 
jb changed into attra&ion, when the diftance is 
, /uffiqentjy fmall. From thefe criterions it is ealy 
to determine the names of the poles of a magnetical 
.bar by applying it near afufpended magnet, the poles 
of which are known. 

Jf a bar of iron, which is not magnetical, be o 
held in a vertical pofition, in North latitude ; its 
lower point becomes a North and its upper a South 
pole; and thefe poles may be reverfed inftantly, 
and as often as required, by reverfing^ the pofition 
of the ends ; for the lower will always be North, 
and the upper South. But a few ftrokes with a 
hammer at the upper end, will fix the poles in their 
laft pofition, fo that, after . the reverfing it the 
hammered end will ftill continue to be fouth, 
though loweft. Yet, the magnetical power is 
much the greateft when the hammered end. is upper* 
mpft, and the effeft of the hammering difappears 
in a few hour$. . 

A bar. of iron being fufpepded on an axis, in a h 
very nice equilibrium, the North end preponde- 
rates when the bar is rendered magnetical, fo that 
it becomes inclined to the horizon, in an angle of 
about feventy degrees in. thefe latitudes. This is 
called the dip, and decreafes in places more to the 
fouthward, and even becomes invated in places 
fituated confiderably on the other fide of the equa- 
tor.. The bar thus fufpended is termed the dip- 
ping-needle. 

S 4 Magnetilm 
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Magnctifm may be given to a bar of iron, by. 
placing it firm in the pofition of the dipping- 
jjeedle, and rubbing it hard all one way. with a 
polilhed fteel inftrument. Iron alio becomes mag- 
jietical by ignition* and quenching it in water, i a 
the pofition of the dipping-needle. 

The touch of a magnet communicates the like 
virtue to other iron, but the quantity or degree 
which the fame magnet can communicate, de- 
pends greatly upon the manner in which the touch 
is performed. If two equal* ftraight and uniform 
magnetical bars, with flat ends, be placed to- 
gether end wife, the contrary^ poles touching each 
other, they will form one (ingle magnet, and will 
communicate a ftrong degree of magnetifm to another 
bar by the following procefs : let the laft mentioned 
bar be laid in the dire&ion of the magnetical meridian, 
and let the others, each of which ought to be at 
leaft as long as the bar to be impregnated, be laid 
upon it in their conjoined ft ate, fo that the place 
of junftion may be over the- middle of its length, 
and their poles in the proper .direftion. Then 
fcparate the two magnets, by drawing them afunder 
along the furface of the bar, and continue to feparatc 
them till their ends are at a confide rabJe diftancc 
from its ends. Join them again, without altering 
the fituation of their poles, by a circular motion of 
the hand, fo that rfiey may meet at fome diftancc 
above the centre of the bar, and lay them again 

upon it as before. Repeat this operation oil both 

fides 
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/fides of the bar till it has acquired a fufficient degree 
of magnetifm. The maximum is generally obtained 
after twelve or foiirteen ftrokes. * ■ 

A bar, of iron receives the touch more ftrongly l 

when it is fupported by, or ii> contaft with, an* 

other much larger; and a combination of magne- • Ij 

tical bars will produce a much greater effeft than' - • | 

a fingle one, Soft fteel acquires the magnetical 

power more readily, but does not preferve it fo 

long as hard, fteel. On thefe, and other confide- 

rarionv experiments have been multiplied, and 

various methods invented of giving to fteel the 

utmoft degree of magnetifm' it is capable of re- 

? ceiving. For example, fix bars of fteel may be m 

rendered (lightly magnetical, by affixing each fuc- 

cefiively to a poker, and ftroking it feveral times ' 

from bottom to top with the lower end of an old "'V 

pair of tongs ; care being taken to keep both the 

poker and tongs in a vertical pofition. For, thefe 

ucenfils, by long (landing in a vertical pofirion, , 

are almoft always poffeffed of a fixed magnetUm; 

the lower *ends being . North poles. Now, if four 

of the fix. bars be united into a thick compound 

bar; the magnetifm of the* remaining two* may be 

greatly increafed by touching with it. Thefe two 

bars may then be fubftituted in the room of the 

two outermoft in the compound bar, which will 

become more powerful by the exchange, and the 

two, which were taken from the compound bar, 

may be touched in their turn. Thus, by reiterated 

changes, __ 
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I changes, and tpuching, the bars will. a/r length 

/ acquire as much magnetifm as they are fufccpdbj^ 

of, and more than they can retain for any locg time. 
m The force ^f magnetifm g is exerted throggb all 
l fubftances, iron excepted, ^pd it has not bceo ob- 

1 , ferved^ that it fuffers the Jeaft diminution by cfte 

interpolation of any foreign ipatcer. Magnetifin 
. is deftroyed by ignition ; and a heated bar of 4ron 

/ is not attradted by the magnet till it is juft upon 

the point of lofing its rednefs.' 
o The loadflone is a ponderous ore of iron, ufually 
of a dirty black color, and hard enough to emit 
lparks with fteel. It is found in mod parts of 
the world, and pofieffes a natural magnetifm, acquired 
moll probably from .its .fituation or pofition with 
refpeft to the earth. This magnetifm may be, 
as it were, concentrated, and made to aft much 
more ftrongly by covering. its polar extremities with 
fteel. The tleel thus applied is termed the armour 
of the loadftone, and requires fome management^ 
as to figure and thicknefs, to produce the greateft 
• ptffiible effeft. Formerly all magnetifm was ori- 
ginally, obtairfed by communication from the load- 
; ftonc, but the power of impregnated fteel- bars fo 
''much exceeds' that of the natural ftone, that this 
"latter is litfle efteemed,' except as an objedl of 
' curibfity. The magnetifm of the loadftone is in 
all refpe&s firnilar to that of a bar of iron or fteel/ 
F The attraction or repulfion of two magoets de- 

creafes as the diftance increafes a but not according 

. .1 
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to any ratio of the diftaace. On this account a 
magnetical bar, which is at liberty to affume any 
horizontal pofition, as, for example, a needle 
floated on water by means of cork, or the needle 
of a mariner's compafs, being brought into the 
yicihity of another magnet, will affume fuch a Q- , 
tuation as fhall conform to the attractive and re- 
pulfive powers as much as poffible. Thus, if a 
fufpended magnetical needle be brought near an- 
other magnet, it will ' place itfelf in a pofition pa- 
rallel to the axis of the magnet, if the potes of / 
contrary names in each be mutually equidiftaut; 
but if the North pole of the fufpended needle be 
nearer the South pole of the magnet .than the two 
other poles are to each other, its North end will 
be tnoft attracted, and cpnfequently mult incline, 
fo that the axis of the two magnets will form za 

A 

angle greater or lefs, according to circumftances. 
Suppofe now a fmall ipagnetical bar, fufpended fo q, 
as to be capable of affutning any pofition wfctat- 
foever, be placed upon or near the furfkee of a 
' very large globular magnet. It is evident, in' this 
cafe, that the two . ends of the fmall bar, being re- 
fpe&ively attracted by the contrary poles of the 
globe, will always be found, in a plane palling 
through thofe poles: or in other words, if circles 
or meridians be fuppofed to be defcribed on thje 
.globe, interfering each other in thofe poles, the 
magnetical bar muft always be in the plane of one >- 
of them. But its fituation, with regard to the 
ipherical furface, will be governed by the cxctCs of 

attraction 
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attraftion in the ncarcft pole. If the bar be 
ibfpended immediately over the North pole of the 
magnet, it muft (land- perpendicularly, with its 
South end downwards ; but if it be gradually re- 
moved along the furface, towards the South pole, 
the increasing aftion of this laft pole will caufe it 
gradually to incline that way. At the equator it 
will reft parallel to the furface * and in approach- 
ing ft ill nearer the laft mentioned pole, its North 
end will incline towards the furface, till at length 
it will ftand perpendicularly over the South pole 
of the great magnet, with its North end down- 
wards. For the lake of concifenefs, the poles of 
the great magnet are fuppofed to be equally ftrong • 
which, however, is fcldom the cafe. 

r Thfc reafoning may be exemplified by placing a 
foiall piece of a fc wing- needle on the furface of a 
f^herical magnet or loadftone. Its pofirion is 
found to vary according to its Situation with re- 
ipedt to the poles, For the fame reafons, fteel- 
filings, gently dufted through a rag upon a magnet, 
adhere to it in a very curious and amufing man- 
ner. The filings, acquiring magnetifm by the 
contact, adhere together, and form a number of 
fmall magnets, which arrange themfclves in con- 
formity to the attractions of the poles of the orU 
ginal magnet. 

* From obfervations of thi$ haturc, it was very 
early fuppofed, that the globe of the Earth a£h as 

a large magnet, upon all other magnets: whence 

•* » * 

they naturally tend to conform to the meridian or 

line 
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line which jobs the poles of the Earth. And die T 
dipping of / the needle is readily lhewn to arife from 
the vicinity, and confequent ftronger attraction of 
the pole towards which the inclination is made. 

The ncedte of the. mariner's compafs "varies from ir 
the true dirc&ion of North and South. The angle 
formed between the magneucal axis of the needle 
and the meridian of a given place is called thp, va- 
riation of the compafs, and differs in different 
places both in quantity and dire&ion of the needle. 
From the phenomena of the variation it is proved, 
that the magnetic poles of the Earth muft be snore 
in number than two, and that they do not coin- 
cide with the poles about which the diurnal rota* 
tion is performed. 

- The variation of the compafs 'does not continue v 
fixed and unalterable at a given place. Thus, at 
the Cape of Good Hope in Africa, near which, at 
its firft difcovery by the Portuguefe, there was no 
variation; the North point of the compafs, in 
1622, varied about 2 to the weflward: in 1675, 
it varied 8°W. in 1700, about n°W. in 1756* 
about 1 8° W. and in 1774* about a 14? W. 
Regular, though very different mutations have 
been obferved* in almoft every other place on the 
globe. The needle of the compafs is likewife fub- 
jc6t to a fmall diurnal change of pofition, and 
is fometimes considerably agitated during the ap- 
pearance of the aurora borealis. 

„ The obfervations which relate to the magnetifm w 
of the Earth have not been continued long enough 

to 
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to afford a foundation for a good theory* Dr* 
Halky's hypothefis, though formed near a cen- 
tury ago, ftill poffefles as great a fliarc of pro* 
bability as moft that have been offered Gnce. He 
fuppofes the Earth to confift of two diftinft parts, 
an external (hell, or hollow fphere, and an in- 
ternal nucleus or globe, loofe and detached in the 
cavity, having the fame centre of gravity with 
the external part. Each of thefe parts be regards 
as a feparate magnet, endued with two poles, 
their magnetical axes not being coincident. A 
compafs- needle on the external furface muft there- 
fore be a£ted upon, as if .by a magnet with four 
poles. From the phenomena he determines the 
fituation of the feveral poles; and thus explains 
the variation. But as the variation changes ( in 
procefs of time at any given place, it follows, 
that thefe poles do not keep the fame pofition 
with refpeft to , the furface of the Earth, and to 
each other. This movement he accounts for, by 
frppofing that the diurnal motion of the Earth 
was imprefled from without, and that the velocity 
of the internal part, or nucleus, is fomewhat left 
than that of the external part, or (hell. Confc- 
quently the nucleus muft feem to revolve (lowly 
to the weftward, and its poles mtoft defcribe lefs 
circles about the poles of the Earth. And as the 
relative pofition of the four magnetical poles to 
each other, and to the poles of the Earth, is 
changed, fo muft likewife the direction of the 

needle, 
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nfeed!e, or x fhe angle it makis tyith /the meridian, be -' 

altered. 

Thus, a kind of regularity prevails in the in- y 
ereafe and decreafe of the variation, and alfo the 
direction of the variation which (hips obferve as 
tKey fail to various parts of the ocean* In the 
Atlantic ocean to the North, and eaftward, and 
all over the Indian ocean, except in the Jbay of 
Bengal, a wcfterly variation obtains; but to the . 
weft ward of a certain Knei at which there is no 
variation, all along the coaft of South America, 
and in the Pacific ocean, as far as the 140th de- 
gree of weft longitude, an eafterly variation is ob- 
ferved; and in the whole Pacific oce&n befides* 
the variation is probably to the weft, unlefe it 
may be conjectured that an eafterly variation 
may be found in the regions to the northward. 

When the variation changes quickly in running z 
upon a parallel, as is the cafe in the fouthern At- 
lantic, and great paw of the Indian ocean, the 
longitude may be determined with a confiderable 
degree of corretfnefs at fea. For the magnetic 
azimuth of the Sun may be eafily obferved in mo- 
derate weather to the certainty of a lefs error than 
ten miftutes of a degree; which in the fouthern 
Atlantic ocean anfwers to 1 about twice that quan- 
tity in longitude. By comparing the obferved 
variation with a chart, the longitude may be 
known. The principal impediment in the way of 
this method is, the want of fuch a chart occafion- 
ally renewed. 

3 T ** 
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a The beft modem opinion concerning the caufe 
of the change of variation of the compafs is this. 
From the magnetifm of the Earth as well as 
from the produfts ejeded by volcanoes, it is 
cftablilhed that vaft quantities of iron exift in the 
bowels of the Earth in various dates. The fame 
volcanic eruptions, and the phenomena accom- 
panying them, likewife Ihew that chemical pro- 
ceffes, on a fcale of prodigious magnitude, are 
continually carried on in thofe regions. The fer- 
ruginous combinations being varied by thefc, it 
muft happen that immenfe maffes will be either 
more or lefs oxigenated according to die na- 
ture of the procefs by which fuch change is jpade> 
Now it is well known that iron and its combina- 
tions are more fufceptible of magnetifm the hearer 
the metal approaches to the pure metallic ftate : and 
confequently the properties of the whole temftriai 
magnet muft change accordingly. 
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Or THE ELECTRIC MATTER* AND THE METHODS 
AND APPARATUS FOR MAKING EXPERIMENTS 
WITH IT. 

If a tube of glafs, an inCh and half in diameter a 
and about three feet long, be rubbed, by repeatedly 
drawing the hand, a piece of leather, or a will 
of dry warm (ilk, from one end to the other, it piece 
become ele&ric. So that fmall flafhes of divergent 
flame, ramified fame what like trees bare of leaves, will 
dart into the air, from many parts of the furface of the 
tube, to the diftance of fix or eight inches, attended 
with a crackling noife; and fometimes fparks of 
more than a foot in length will fly along the tube 
to the rubber. This luminous matter is called 
cle&ricity, or the ele&ric matter, and will fly from 
the tube to other bodies brought within a certain 
diftance* 

Vox, H. T If 
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B If a homogeneous body be prefented to the ex- 
cited tube, (o as to receive ele&ricity from it, and 
the electricity rfefnain at or near the end or part prc- 
, fented, without being communicated to the reft of 
the body, it is called a non-condu£tor or elec- 

c trie. But if, on the contrary* the eleftricity be thus 
communicated to every part, the body is called a 

D condudtor, or non-ele<5tric. In the ufual tempe- 
rature of the atmofpiiere, metallic fabftances, char- 
coal, and water are condudofS j moft other bodies 
are non-condtiS&f s. 

x A condu&br cannot be electrified while it com- 
municates with the earth, either by diredt contaft 
or by the interpofition of other condudors, becaufe 
the electricity is immediately conveyed atfay t6 

f the earth. But if a conductor be fuppoited by, an, 
elcftric, fo as not to communicate with the earth, 
. . it is faid to bfe fnfulated, and rn^y then be eieftrified, 
the eJeftricity n&t being conveyed away. % . 

g . The greateft quantity of ele£tricity v is collected 
■on the Surface of a non-condu&or, when it is rub- 

« 

bed by a conducting fubftance. If the rubber be 
infulated* it will alfo'be put into, an eleCtric ftate, 
fd that fparks will pafs between it, and other neigh- 
bduring bodies. 
h : .If an infulated conductor be eleCtrificJ, either by 
friCtion* communication, (274, b) or otherwifc, it 
twill be deprived of its eleCtric tfate by the drawing 
of a fingle fpark from any part thereof by another 
uninfulated conductor, becapfe of the facility with' 
which the eleCtric matter is conveyed through * its 
fubftance. But non-conduCtors, fimilarly treated, 

arc 
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"Alt deprived of their ele&ric ftate only in the 
vicinity of ? thfc place from which the fpark was 
clrawn. * - • 

A mutual attraction is exerted between a body t 
in a ftate of ele&ricity, and non-ele&rified bodies; 
which laft, if not large and heavy, will fly through 1 

the air to the electrified body, where they remain 
till they have, by communication, acquired the 
fame ftate, when they are repelled. If an un- 
infulated condu&or be at hand, it will attract 
the fmall body thus eleft rifled, and deprive it of 
\ its ele&ric ftate. So that it will be again attrafted 
by the cleftriftcd body, and repelled as before, and 
will continue to pais and repafs between the two 
for many viciffitudes, till the ele&ric ftate is en- 
tirelydeftroyed. 

No experiments have yet been made, thaflhew K 
wherein the difference between eleftrics and non- 
cleftrics confifts; but whatever the conducing 
power may depend on, it feems to be governed by 
the heat of the *body: glafe, refin, baked wood, 
air, and many other noh-condu&ors, are conduc- 
tors when made very hot * and On the contrary, 
ice cooled to 13 below o, on Fahrenheit's fcale, 
becomes a. non-Condudtor or eledlric body. 

There is therefore fome ground to corijefture i» 
that the difpofition to conduct ele&ricicy is pro- 
duced in metals by a very low degree of heat, in 
water by a greater, and io refins and glafs by de- 
grees Hill greater ; or generally that there is a cer- 
tain degree of heat at which a given body may be 
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at the medium between perfeft condu&ing, and 
noo-condu&ing, above winch degree it becomes a 
M cofidu&or, and beneath a non-condu£tor. If this 
be true, it will follow, that condu&ors are bodies* 
the ele&ric or non-conducting date of which is placed 
at a temperature far below that which is ufual in 
the atmofpheiej and that non-coqdu&ors are thofe 
the conducting date of which is placed at a degree of 
heat far above the mean temperature. 
n That electricity is real matter, and not a mere 
property, feems to be evident from a variety of cir~ 
cumftances. When it pafies between bodies, it 
divides the air, and puts it into thole undulations 
(65, n) in which found confifts. It emits the rays of 
light in every direction, and thofe rays are «varioufiy 
refrangible, and colorific, as other light is. And 
if light be acknowledged to be. matter, it is con* 
trary to . reafon and experience to fuppofe, that 
the thing which emits it (hould not likewife be 
material, Neither are the other fenfes unaffe&ed 
at its prefence; its fmell is ftrongly phofphoreal 
or fulphureous, fo that when the air of a room is 
rendered highly electric, many .perfons have com- 
plained of an unufual and difagreeable fenfation 
in the head from that caufe. The fcnfe of feeling 
is a witnefs of its prefence, not only from the 
(parks, which, when received from the conductor 
of a powerful machine, are very pungent, and 
will pafs through two or three perfons (landing on 
the ground, but alfo from the fhock, the efiefts of 
which are to be defcribcd : and a (beam of the ele&ric 

matter 
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matter received on the tongue ha? an evidently 
fubacid tafte, which remains forne little time. 

As the exciting a tube is very laborious for the o 
operator, and the eledricity procured by that means 
is fmall in quantity, globes or cylinders are much 
more ufed. Thefe, by a proper apparatus, are 
made to revolve on their axes after the manner of 
a grindftone, and a rubber of leather is applied to 
the equatorial parts of the revolving glafs, which 
become eledtrical by the fri6Hon. The ele&ricity 
of the globe is Received by a metallic cpndu&or, 
infqlated by a glafs-foot, or fupportcr. This con* 
du&or being conftantly ele&rificd, and at the 
fame time fteady and mbtionlefs, is much better 
adapted for making experiments than the globe 
itfclf. 

A cylinder or . globe thus fitted up to revolve on p 
its axis,' and provided with a rubber and an in- 
fulated conductor, is called an electrical machine. 
The contrivances for the revolution of the cylin- 
der or globe vary in different machines, as like- 
wife the method of infulating the conductor. The 
condufior is in general fupported by a flick of 
varnifhed glafs or b?ked wood, and fomctimes it is 
fufpended by (ilk firings. 

Fig. 172. reprefents the plate clc&rical machine, q^ 
which is now generally adopted in preference to the 
cylindrical. • 1 

The glafs plate G G, fig. 17 2. Pl.26. is fattened to the < 
axis B B ~by means of a fcrcw on the axis paffing through 
a hole in the centre of the plate, and fecured by a nut 
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C on the oppofire fide. The axis is fupported by a 
finglc pillar A, which for this purpofc is provided 
with a bcarbg piece K, on which are two brafs 
collar pieces, that carry the axis 5. and oh the end of 
the axis, oppofite the glafi is a counterpoife O, of 
lead, to prevent too great a friaion in the cojlar 
neareft the handle. The arc of the condu<9tor E E), 
which carries the two fmall receiving conduAors F F 
is fixed to an axis turning in the ball H. Qn the 
other fide of the plate is the othei* arc I, of brals 
wire, fixed in the bearing piece K, but fo.as to admit 
of being turned round like the arc EE, P is a cop- 
per tube, moving like a radius on the fterri of the ball 
S, which, being fcrewed into the condu&or H, ferves 
to confine thp arm P in any pofition that may be re- 
quired. The diffipation of ele&ricity along the glafs 
t fupports is prevented by a kind of cap T, of mahogany* 
which affords an eleftrical well or cavity underneath, 
and likewife effe&ijally covers the. .metallic cap into 
which th^ glafs. is cenpented. The lower extremity 
of the pillar, is guarded in. the fame manr.er by a hoi- 
, Jow piec$ or, ring of ftiahogany V. The three 
glaft pillars are fet in Aiding pieces WWW, adjuft- 
able by fcrewsj at each extremity of the horizontal 
diameter of the plate are two rubbers X, one on 
each fide, prefied regularly and uniformly againft 
the plate by means of a fpring Y, the force of pref? 
fure of which is regulated by means of a fcrew. To 
thefc rubber? are attached fHk flaps Z Z, thofe of 
one pair of rubbers defcending, and thofe of the other 
pair afceudiog* in the direction in which the plate h 

worked, 
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*priH& A piece f of %e $y ^jcir^ Fftflft v *s*. %! 
as,thf rwbjtjer, WW SR B ch fe<WJ cr % a M<? ^ vc f 
theJ^nx^t ^ftefls jte$k ,# &e .^ejv $ow& 

fri&ion, and prevents both the glafs and fi|k/tf?tfj 
being foiled by the amalgam, fo that the cjxeitement 
is more powerful, and the amalgam requires to be re- 
newed lefs frequently. As the femicircular branch 
of the prime conduttor is moveable, it may be made 
to exhibit the ek&ricity of the rubber at any time, by 
placing the cylindrical ends in concadt with the culhions, 
the_ femicircular wire I, being at the fame time turned 
fo as to crfrfs it at right angles, which infulates the 
culhions. When the condu&or is required to give 
ele6tricity from the glafs, the arc I muft be in contact 
with the culhions, and the arc E E perpendicular to 
the horizon- 
Fig. 1 73. is a drawing of Nairne' s patent eledtri- r 

cal machine. The cylinder c is feven inches in 
diameter and about one foot in length* but the 

* 

length of the rubber is no more than eight inches. 
The working parts ' at the end of the cylinder arc 
entirely of wood, and are fupported by two pillars 
of varnilhed glafs, each of a foot in length. The 
conductors a and b, are fupported by like pillars 
of the fame dimenfibns. , The two conductors are 
made of tin, and lie parallel to the length of the 
cylinder. They are exaftly alike, excepting that 
the rubber is fixed between the condu&or a and 
the. cylinder, and a row of metallic points iflue 
towards the cylinder from the other conductor b. 

T 4 The 
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The infukdon of this excellent final! machine is 
fo pcrfcft, that on the addition of a larger con- 
ductor to cither of die others, it will give denfe 
fparksof nine inches long to a ball of at inches 
diameter. 
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CHAR ir. 

CONCERNING EXCITATION; THE TWO DIFFERENT 
STATES OF ELECTRICITY*; AND THE EFFECTS OF 
POINTED CONDUCTORS. 

Very little eleftricity is excited by the fric- s 
tion between two. eledrics or two conduftors. The 
xnoft favourable circumftaricefc for producing this 
effeft feem to be, when a perfedt ele&ric is rubbed 
by a perfeft condu&or (273, a). 

The rubber of an ele&rical machine is ufually t 
made of fofc leather (luffed with hair, and the 
rubbing part is fmeared with an amalgam of sink 
and quicklilver with at little tallow, the whole 
being (b proportioned as to have the confidence of 
pafte. The glals cylinder, or plate, in its rotation, 
palling in contaft with this metallic foft fubftance, be* 
comes clc£trified 5 and its cle&ricity is prevented 
from flying back in fparks to the rubber or being 
diflipated into the air, by a 'piece of filk fewed to 
the rubber, and palling thence half way round the cy- 
linder, or over a fourth of the plate, to which it 
adheres by the ele&ric attra&ion. s 

The cle&ricity* thus excited, is much ftronger in« 
dry frofty weather than when the atmofphere is damp, 
and consequently a better condudtor of eleftricity. 

The management of the operator will alfo make 

• a pro- 



OfiH EXCITATION OF ELECTRICITY*. , 

a prodigiou$ difference. No theory of what hap- 
pens in the excitation of ele&rics, has been offered 
that deferves to be mentioned ; and it is owing to our 
imperfect knowledge of this fubjeft, that the mod 
fkilful operators fucceed by an attention to cir- 
cumftances relating to the confidence of the atrial- 
gam, the roughnefe or fmoothnefs of its furface 
its frefhnefs, the pofition and management of the 
filk, and other matters that can hardly be defcribed, 
{q #s to aflift the young elc&rician. The IbHow- 
WigidirQ&ions howAver fucqeed very mcU. 
vi : JEreey part of the . apparatus, jmuft be carefully 
vijwL with a dry .warm cloth, or old . frfk hand- 
kerchief, in order that the ele&ricity when cal- 

. kfited, may not be' conduced \offi by adhering 
sioifture or damp (274* *>)• • '2?he amalgam ought 
to abound ^itfcqukskfily.er, and to havje no motet 
tfllqwthfrO i$ feflfcienfe yvhw applied to, the cylinr: 
<fcr> juft to di^ito its brightge.fs ^itbopt fmcar- 
ing. It jnuft be rubbed on tjie j-gugb: fide ]of * ; 
piece of leather, palled on a/c^rd, it* very iJij^l 
quantity. The cufcion ^nd : filk ;/$i# jbc cafe-. 
folly brufhed or ^viped iajefore it is pi#r##o its plj*ce # 
jhis d<?ne, turn Jb^k the filjt f*9 jtfcu: its jbjwJje 
piart may not. touch the cylinder, and begin ^ 
turn the machine, *t tbe faip^ time, applying the 
amalgamed leather to the cylinder, A^fter a &w 
turns t^e elcarjcity will fye heard in a .kind of 
ruftling noife near the hapcj apd cufhion. Re- 
move then the amalgimed leather, .^nd replace the 

' filk on the cylinder, to which it wUJ immediately 

adhere. 
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^dhc^ The fri&ion will flow he much, gfeater 
than before, as will be perceived by the, cjtifficjulty 
of .turnjuig the ha,ndle, and the eie&ricity yfil be 
feen qlowgfhe edge of the filk in long diverging 
ramifications that dart; into the air vvUh ptpife, 
Tb?fe • Of to the points of the prime conductor 
when applied, and, by means of this laft, the fparks 
raay be drawn, or other experiments perforxj^d. 

It is not well fettled whether a velocity of w 
rotation in the cylinder, greater than .the band can 
produce with a fingle winch, be of any advantage 
in ele&ricity, From a few trials, not faifiGiendy 
diyerfiged, the faft feems to be, that there is a 
certain velocity pf € . turning by wjiich more elec- 
tricity is obtained, in £ given number of turn& 
than by. any ,yelocity confiderably greater or lefs * 
aijid that this neceffary velocity is leaft^wfre.a the 
excitation -is mod powerful A cylinder of (even 
inches diameter, well excited, will afford its .rnaxi- 
mum of eledricity in a turn by a moderate ro- 
tation with a fingle winch, and the adhefion of 
{he . filk will t render the turning fufficiently kborU 
pus. But whether the labour of the operator 
would be better ..employed in producing more turns 
in a given time by means of a wheel, though the 
excitation were lefs powerful, remains to be deJ 

cided. 

ni • • • • 

.If the, amalgam be applied an the cuflbion itfelf, % 

toftead*bf a feparate leather, the excitation will be 

« * "* * ■ ■.* . * • '■ 

rnqre uniformly the fame/ though rather lefs ftrong. 
When the feparatc leather is ufed, it i§ neceffary 
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to apply -it to the cylinder from rime to time, to 
keep up, the excitation. One of the chief advan- 
tages of this laft method appears to be, that a ftrong 
excitation may at any time be produced by taking 
off the cufhion and wiping it and the (ilk very clean, 
at the fame time that the old amalgam is fcraped 
off the leather and replaced by the fize of a pea of 
frefti amalgam; whereas in the other method, it not 
uqfrequently happens, that the operator is obliged 
to have recourfe to a variety of manoeuvres without 
fuccefs. 

If of two conduftors, feparately infulated, one be 
connefted with the infulated rubber, and the other 
placed near the cylinder, fo as to be eleftrified by it, 
they will both exhibit figns of electricity ; but that 
conduftor, which is eleftrified by the cylinder, yrili 
attraft thole bodies which are repelled by the other 
conduftor that received its eleftricity from the rubber. 
And thefc conductors, if brought near each other, will 
emit (parks, and aft on each other in every refpeft 
ftronger than on other bodies. If they be Jwroughc 
into contaft, the eleftricity of the one will deftroy 
that of the other ; and notwithftanding t he eleftric 
matter appears to flow or pafc from the cylinder to its 
Conduftor^ the two thus conjoined will exhibit few or 
no figns of eleftricity. 

The fenfes cannot diftinguilh the direftion in 
which the eleftric matter moves. The hypothefis 
mod generally admitted is, that eleftricity is an uni- 
form fluid, capable of being rarefied, or condenfed, 

and 
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and that in the common ele&rical machine it pafies 
from the cylinder to the conductor with points. On 
this fuppofnion this condu&or mud, when ele&rified,. 
poffefs a greater, quantity than is natural to it; and 
fince the cylinder affords very little ele&ricity when 
the rubber is infulated, it will follow that it receives 
its ele&ricity from the" rubber ; for unlefs the rubber 
be at liberty to receive an equal quantity from the 
earth, that is, unlefs it be uninfulated, it can part with 
byt a very fmall quantity to the cylinder. Still retain- 
ing the fame fuppbfition refpefting the courfe of the 
eledtric matter, it follows that the rubber, when in- 
fulated, muft lofe a part of its natural quantity by * 
fridion with the cylinder, and confequently a conduftor 
communicating with it muft be negatively ek&rified. • 
It is not therefore fo much to be wondered at, that the 
actions of the two condu&ors (hould be contrary, and 
that when in contact they (hould exhibit no figns of , 
ele£tricity; for the cylinder at the fame inftant that 
it imparts the ele&ric matter to one condu&or, ex- 
haufts an equal quantity from the other, which is con- 
nected with the rubber. If the direction of the elec- 
tric matter be fuppofed to be contrary to what is here 
affumed, the effefts muft (till be the lame. 

The principal circumftance whereon the prevailing A 
opinion concerning this direction is founded is, that if • 
the conduftor, which derives its cle£frricity from the 
cylinder, be made (harp or angular at any part, not 
very near the cylinder, a diverging cone of ele&ric 
light will be feen, the vertex of which is the point 
itfdf, and the clc&ric phenomena will b? much di- 

minilhcd. 
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roiAifhed. But the condu&of, which is conne&cet 
with the j-tibbfcr, though its eSfe&s be equally di- 
minilhed by a fimilar cireuttiftance, will never ex- 
hibit the cone of rays, bw is only tfipped at the 
point with a fmall globular body of light. The 
cone has been thought to 'referable the ruftiing out or 
emitting of light, and the globe the appearance of 
the imbibing or entrance of the ele&ric matter ; 
whence the name v of pofuive ele&ricity has been 
adopted for that of the cylinder, ahd negative for 
that of the rubber. The terms will be ufed in the 
fame fenfej in this work, though it muft be con- 
feffed, that the propriety of their application is (till 
doubtful. 

b. If , electricity be produced by the excitation of a 
globe or cylinder of fulphur or refin, the ftates will 
be reverfed; tfie rubber will be pofuive, and the 
cylinder, with its condudlor, will be negative. This 
was formerly thought to depend oh the nature of 
the electric body, and the two ftates of ele&ricity 
were diftinguiihed by the names of vitreous and 
refinous eleftricity, but it has fince been' found, that 
the difference, in moft cafes, arifes from the relative 
fmoothnefs of the furfaces of the eleftric body and its 
rubber when compared with each other'. 

c It feems to be a rule, that the fmootheflfof the 
two bodies obtains the pofuive ftate. Baked wooden 
, cylinders, with a fmooth rubber of oiled filk, be- 
come negative, but with a rubber of flannel pofitive. 
Glafsj made rough by grinding with emery, excited 
with new fort flannel, 1 is negative, but with dry oiled 

v filk, 
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filk, rubbed with whiting, pofitive ; but if the glafs be 
ftneared with tallow, and wiped with a cloth, then the 
oiled filk, by rubbing, becomes poliftied, and the tube 
becomes negative, as at firft ; if the oiled filk be 
again rubbed with whiting, it excites a pofitive ftate 
on the greafed tube; but when the filk has again 
acquired a polilh, the tube becomes again negative. 
Even polifhed glafs may be rendered negative by rub- 
bing with the hairy fide of a cat's (kin. 

Bodies poffefled of fimilar and equal dates of clec- D 
tritity, repel each other ; bodies poiTefled of oppo- 
fite ftates of ele&ricity, attra6t each other; and bo- 
did in a mean or natural ftate are attracted by all 
cleArified bodies whatever. But as we have no clear 
conception, or adequate idea, of any mechanical pro- 
eels by which attraction may be caufpd, all our 
reafoning on the fubjeft muft be purely hypotheti- 
cal (i. 25, x), for want of probable grounds to pro- 
ceed on. If ever this property of matter, the, origin 
of which at prefent is fo little underftood, fhould be 
deduced from fome Ampler caufe, there is great reafoA 
to think, that it will be in confequence of eledtrical 
difcoveries. 

If the infulated prime conductor of a machinebe'B 
well poliftied, and without corners or angles, it will 
retain its eleftric ftate very well, and will emit 
ftrohg fparks upon the approach of any uninfplatcd 
condu&or. If the uninfulated conduftor be broad, 
round, and polifhed at the end, the fparks will be 
Jhort and denfe, and will produce a confiderable 

3 found > 
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found \ if lefs broad, the fpark will be long, crooked* 
and lefs founding; if the breadth be (till more dimi- 
niflicd, the condu&or begins to come under the de- 
nomination of a pointed body (285, a), the ele&ric 
matter pafics to it from the prime conductor, through 
a great fpace of air, with a hifling or milling noife, 
and in a continual dream: a Hill greater iharpnefs 
enables the ele&ricity to pafs over a greater ipace> but 
filently, and nothing is ken but a fmall light upon the 
point. If a fimilar point iffue from ; the prime con* 
duftor, and the uninfulated conductor be round and 
poliflicd, the fame effe&s happen in like filiations; 
but if both be pointed, the ele&ricity is more rea- 
dily difcharged: and in all thefe cafes the appear- 
ance of the cle&ric matter at the point of the prime 
conductor will be that which is peculiar tb its elec- 
tricity, a large divergent cone if pofitive, or a fmall 
globular light or cone if negative, and the light at the 
point prefented to the prime condudor will be dif- 
tindtive of the contrary ele&ricity. Whether a pointed 
conductor be eledtrified pofitiyely or negatively, if the 
nofe be brought near the point during the electriza- 
tion, a wind will be felt blowing from the point, and 
the fenfe will be affefted with a fulphureous or phof- 
phoreal fmell. 

The rea&ion of the force by which the air is put 
into motion, is exerted on the pointed body. This 
is (hewn by a pleating experiment with an e led ri- 
fted wire, thus; to the middle of the wire, or rather 
between two wires that He in the fame line, is af- 
fixed 
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fixed a center-cap like thofe ufed in fea-compafles, 
fo that .the wire may eafily be moved on a point in 
a horizontal dire&ion, as magnetical needles are ; and 
the ends of the wire are pointed and bent contrary 
ways, to point in the direction of the tangent to the 
circle defcribed by them. Now if this wire, thus 
lufpended on a point, be infulated and eleftrified, its 
fliarp ends will become luminous, and it will revolve 
in a dire&ion contrary to that in which its ends ar$ 
bent for if it be fufpended on an uninfulated point, and 
brought near the ele&rificd prime conductor, the fame 
effect will follow. 

It may be thought ftrange that the air fhould iflue o 
$rom an cle&rified point, whether its eleftricity be 
£ofuive or negative. It is eafy to conceive that the 
ifiuing out of the ele&ric matter may caufe the air to 
move in the fame dire&ion ; but it appears ftratige, 
that the ele&ric matter rulhing towards a point fhould 
caufe the air to move diredly contrary, that is to fay, 
likewife from the point. But if the circumftance be 
examined more narrowly, the difficulty wi)l vanilh. 
For it is highly probable that the eleftric matter pafles 
•loo fwiftly ( 1 . 40, a) to excite any motion in the air 
but that undulation wherein found confifts (6§, n) ; 
to which may be added that, if the ele&ric matter do 
aft on the air to put it in motion, the air mud: readfc 
with an equal force j and therefore that a current of 
air blown againft the courfe of the ele&ric matter muft 
affed its appearance, by retarding the rays and defied- 
ing thofe againft wjiich it ft ruck obliquely : the con- 
trary to which is, by experience, known to obtain; for 
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tj>e luminous cones (1.88, 3) fire not fenfiWy affefted 
by fuch treatment, . The air being thus indifferent 
as to the motion of the ekdric matter, its motion 
may be (hewn to depend on the eftabltfhed principles* 
of ele&ricjty. The point is ele&rified either pofi- 
tjvely or negatively, and the air, immediately oppofite 
and contiguous to the point, mud, by the emiffion or: 
exhauftton of the electric matter, become ftrongly pof- 
fefled of an eledkric ftate of the fame kind with that 
of the point: it is therefore repelled (187, o) and re? 
placed hy other air which is alio electrified and re-, 
pelled* by which means a con ft ant ftream is produced 
blowing from the point, and th*t equally whether the 
electrization be pofitive or negative. And, as a<5tioa 
aad reaction arje equal and contrary, the point repelling 
the air muft itfelf alfo be equally repelled in the con* 
trary direction ; whence the horizontal wire above de? 
fcribed is turned, and that always one way, namely, 
contrary to that in; which the hit is moved, or to thr 
direction pfits beqt poinfo . . . 



* 
1 



C ■ S A F. 



AIR A NQW-COKDIICTqRy £M 



CHAP. 1IL 

.#?:■. • ' * 
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through *#t!e common air, and through 
air,v^ery ^such rarefied, with a descrip- 
tion of an instrument for distinguish- 
ing the two states of electricity. 

The air, being a non-condu&or, muft be clafled H 
among ele&ric bodies; and the prime condu&or of an 
tle&ricat machine being furrounded with air retails 
if* elf&ric ftate mwh better th^n it would do without 
that circumftance. : Pa* the^le&ric matter cannot paft 
to or from the conductor tyith - the feme facility as if 
this impermeable Jubilance were hot interpofcdf " 

When air is fpoken of as impermeable and ele&ric^ i 
it muft not be underftood as being perfe&ly fo, but 
as being moftly compofed of non*condu<5ttng parts. 
There is always moifture enough in the air to reftore 
the natural ftate to elc&rified bodies in a few hours. 
It is likewtfe permeable, as all other ele&rics are, by 
the force fcf the ele&ric matter which divides it or 
feparates its parts : when this happens to a folid dec* 
trie, a hole is made through it. 

Long fparks are always crooked in various direc- k 
tions, like lightning; which feems to be caufed by the 

Sle&ric matter paffiflg through thofe. parts of the air 4 
; ... . > u % in 
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in which the beft conductors are (bund. Indeed there 
is reafon to think that electricity always requires a 
condudor to enable it to pafs from one body to an- 
other. For if a glafe fiphon, the legs of which are 
equal, and refpcCtively more than thirty inches long, 
be filled with boiling mercury, and the end? inverted 
into bafins likewife containing mercury, a double ba- 
rometer (31, z) will be formed, the upper or arched 
part of which will be abfolutely , void of air. Then 
if one of the bafins be infulated and electrified, the 
electricity will not pais from the mercury in one leg, 
through the Void* to that in the other > but upon ad- 
mitting a fmall bubble of air, it is immediately feen 
palling through the vacant fpace in the form of bright 
flaflies or flames. In the vacuum of the air-pump 
the eleCtric matter will pafs and appear luminous be- 
tween conductors, however diftant, forming a beautiful 
appearance, that very much refembles the northern 
lights, or aurora- borealis. But it is found, that in 
high degrees of exhauftion the light is lefs, the lefs air 
is left in the receiver. It feems, on confideration of 
thefe cjreumftances, that the eleCtric matter cannot 
pafs through the more perfect vacuum, for want of a 
conductor, but that the conducting part of the air, 
when introduced, anfwers the purpofe, while the refin- 
ance of the eleCtric part, being very fmall, on .account 
of the rarefaction, fuffers it to pafs from one con* 
duCtor to another, through much greater fpaces than 
it can pals through in the open air. 
This opinion is fotqewhat more confirmed by the 

obfervatioty 
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obfervation, that the ek&ric matter forces conducting 
bodies into its path. If a drop of water be laid on the 
prime conductor, in a pofitivc ftate, very long fparks 
may be drawn from it, the drop will afiume a pointed 
or conical fhape, and wet bodies which are held near 
it : a proof that the water is thrown off. If the fame 
experiment be madp. with melted fealiog-wax, the ap^ 
pearance is very peculiar and amufing* The fealing- 
wax muft be dropped on or ftuck to the fide of the 
prime conduftor, and afterwards melted with a candle; 
then if the condu&or be ele&rificd, either pofitively 
or negatively, the drop of wax becomes pointed, and 
flioots a number of fine threads into the air, to the 
diftancc of feveral feet. This thread is in the fame 
date of ele&ricity as the condu&or it iflues from. 

It is remarkable, that the drop of water which m 
forms itfelf into a point by ele&rization does not give 
the fpark when negatively ele&rified. This property 
is not, however peculiar N to water, but common to all 
very fhort pointed conduftors that rife out of another 
furface nearly plane, and of fome extent. A fharp 
metallic point rifing about one thirtieth of an inch 'out 
of the furface of a ball of three inches diameter, gave 
(parks five or fix inches in length, when pofitive or 
emitting the eleftric matter; but the electricity palled 
without fparks, and with fcarcely any noife, when the 
point was negative or receiving. This may be a ufe- 
ful criterion for diftinguiftiing the twjo ftates. 

P*fr ! 75> reprefents an inftrument for diftinguifti- w 
ing the electricities* a and b are two metallic balls, 

U 3^ that 
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ftat may be placed at a greater or. ldft dtflsrrier fribfe 

each other by iheans bf the jbint it 6, The two 
branches or legs ca, cb, aW VafnUbed glafs; From 
6ne of the fiftlte a, proceeds a fhbrtr poihr toward* the 
dther ball b. If the two balls be placed in the current 
6t coitfie of the eleftric matter, fo that it may pa6 
through the air from the one to die othefr, its direc- 
tioh will be known. For if the de&ric matter pafi 
from a to fl, there will be a certain diftince of the 
balh dependant On the ftrerigth of the electricity* 
within which denfe {fkutki will pafs from the point; 
but if its courfe be in the contrary direction, no Ipark 
will be feen, unlefs the balls be almoft in contact, and 
the print will be tipped with ele&ric light 



CHAP. IV. 

# * 

f>* 2>Htf ELECTRICITY PRODUCED &Y BRINGING 

( a conductor near the electrified prims 
conductor: and op charging and dis- 
charging ELECTRIC PLATES. 

i 

- . If an Infulated' Conductor, free from points,, be 
brought withiti a certain diftance o J f the p'rffhe Con- 
ductor or cylinder in an ele&ric ftate, it will &ffo ex- 
hibit figns of eledtricity of the famfckindj but if tliofe 
figns be removed, by taking the lpark, knd the "cfctt- 
dudtbr taken from the prime cqndu&br, it wiH .exhibit 
figns 6f the contrary electricity* This is a very" re- 
markable 
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rfiarka&l* appearance, But may be dcdfoinfed for, if two 
foppofitiona t>c admitted, viz. firft, that the' cle&fitf 
matter is attracted by ^conducting bodies ; and fec&ndlyi 
that the par© of the ele&rfo matter mutually repel -each ' 
#rher, the forced of each power being in a certain in* 
Verted ratio of the diflance. » 

For the ekCtrfc matter, fa an infuljrtfcd and uniform P 
Conductor, will then be equally diflirfed through ita 
whole mafs, and the atttaCtion which that conductor 
wdM exert on any mafs of deCtric matter preferred from 
wtcftdut, muft be the excefs of the attractive force of 
fhe bddy over the repulfive force of the electricity it 
contains. Whence a given conductor will attraCt the 
Cfe&ric matter" the moft powerfully whien the quantity 
it already poffefles' is the leaft poflible, afid its attractive 
force will decreafe as it becomes more faturated with 
eleCtritity, hit two equal conductors, compofed of 
like matter, be brought within a fmall diftance of each 
other, then, if the quantities of electricity they contain 
be equal, the attractions they mutually exert on thole 
quantities will be equal, and it will remain 'undifturbed 
in each body. Rut if one conductor, a, contain more 
electricity than the other, b,. the- attractive power of 
p will be greateft, and will draw the eleCtric matter 
from a, till an equilibrium is obtained. It follows alfo, q 
that in a number of conducing bodies, communicat- 
ing wftb each Gther, the eleCtric matter will, be every 
iwhere of the fame denfity, if the greateft attractive 
force of the bodies be fuppofed equal ; but tf different 
bodies be fuppofed to attraCt the ele&ric matter With 

U 4 different . 
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different forces, as is moft probable, the denfities muffe 
vary with the forces. This may be calkd the natu- 
ral ftate. 

To apply this to the particular inftancc above re- 
cited, fuppofe the end of ait infulated conductor to 5 
be brought near the prime conductor in a pofitive 
ftate, the attractive power of the firft-mentioned con- 
ductor is greater than that of the prime conductor, yet; 
not being fufficient to draw fparks, at the given dif- 
tance, the only effcCt it can produce is, to make the 
eleCtric matter accumulate, and become more denfe in \ 

that part of the prime conductor, near which it is 
prefented; by which accumulation the reft of the. 
prime conductor becomes left electrified, as experience 
teftifies. This accumulated body of eloCtricity repels, 
and confequendy rarefies the eleCtric matter naturally 
contained in that end of the conductor, which is • pre- 
sented to the prime conductor ; the reft of the fluid 
becomes more denfe, and the other parts of the con- 
ductor which is prdented, exhibit figns of eleCtricity ; 
yet, as this conductor in the whole contains no more 
than its natural quantity, if the eleCtric ftate be taken 
ofF, by drawing the fpark, and it be afterwards re- 
moved from the vicinity of the prime conductor, it 
becomes negative throughout, by reafon of the lofs of 
the fpark. If a conductor be prefented to the prime 
conductor in a negative ftate, the effeCts are reverted, 
the attraction being ftrongeft at the prime conductor, 
and the accumulation being in the conductor which 
is prefented, it exhibits a negative ftate, which being 
deftroyed, upon removal it becomes pofitive> by reafoo 

of 
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of {he fpark which was given to it when apparently 
negative. . • - , •. 

Thefe effects are more confiderable the lefs the T 
diftance. is between, the two condu&ors; and the in- 
tercedent ele&ric body is peculiarly affcCted : the man^ 
ner of which may be better underftood, by obferving 
the phenomena of non-ele<5trics, feparated by eleCtrica 
which are lefs liable to allow the pafljng of the (park 
than the air is. 

Upon an infulated horizontal plate of metal, lay a u 
plate of glafs, confiderably larger, fo that there may be 
a rim of three or four inches' projecting beyond the 
metal on every fide. Upon the glafs lay another plate 
of metal, of the fame fize as the former,' fo as pre* 
cifely to cover it Ele&rify the upper plate, and the 
lo^er will exhibit figns of electricity. Continue the 
electrization, and the lower plate will emit fparks to 
an oninfulated body for a time, and afterwards ceafc. 
Separate the plates from the glafs without uninfulating 
them, and the glafs will appear to be poflcfled of the 
contrary electricities on the oppofite fides. That ficftT 
which communicated with the prime condu^or, dur- 
ing the electrization, will have a like electricity, and 
the other the contrary. Take off the efc&ricity of the 
plates of metal, and carefully replace the glafs on the 
lower, without deftroying the infulation, and alio re* 
place the upper plate with the fame precaution. Then, 
With one end of an infulated wire, not pointed, but 
knobbed at the ends, touch one of the plates, and bring 
the other end near the other plate : the confequence 
will be, that a ftrong and loud fpark will pafs between 
6 it 
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H and the wire, the efc&ricity of the gials vtft be dif- 
charged, and the plates and the wire will exhibit few or 
no fighs of ele£trtcity. 

r An eleftrifi body, the furfaces of which arc thus pof- 
feflcd of the contrary ele&ricities, is faid to be charged. 
The infulation of the lower metallic plate and of the 
c^fcharging, wire is not neceflary, except for the pur- 
poft of drawing inferences, refpedting the manner of 
charging the ele&ric plate. If the , ele&ricity of the 
prime conductor be ftrong, and the glafi thick, the 
dtfeharge will often be made by a fpark from the one 
metallic plate to the other, over the furface of the 
gjUfs which projects on every fide; but if the glifs 
plate be thin, in which cafe, at an equal intensity, it 
admits of a much greater charge, the difcharge will be 
oade throogjh its fubftanoe, Glafs, as thick as ode 
eighth of an inch, may be penetrated by this ioean$ 
«dc or more botes being made where the eteftric mat* 
tdr has palled, in tfhich holes the gktfs k jfaiiverizcd, 
rfcid may be picked out with, a pin. 

w The greater the furface of the glafe, the greater 
•charge k will contain, the ftmc intienfity being fop* 
pbfcd. But d given machine wiU not fufferinduce fo 

* ftroag *n ele&ric ftace oil a larger plate as- oil a £n*U 
mo the reafca of which feems to deperid on the 
.different intervals of time required in the; cftju^irig, 
0onj6ined w&» the different magnitude of the fur- 
facei at which the de&rielty is ebrmmrtHCatibd tb the 
«n If there were bo efcape 6f the ele&rie mattfar 
during the time of charging* the times would probably 

be 



he «s : thS ftftftcts of the pfctes, dqukl thickneffes being 
Always Aippoft'dj Mid if two plates were equally 
changed* the efaipe Would perhaps bi likewife as the 
fotfkes. Thefe being premifed> thfc wftole efcapd x 
would be as the time of charging, 'and the farftceiJ 
of each fconjoiridy, thit is, becaufc the timfcs ate as the 
fui-fac&j in the duplicate ratio of their furfarts di* 
rcftly. Henfcc it appear? that the efcape in phte# 
that inertafe in (ize f approaches rapidly and continually 
nearer t* the quantity of efaStricity fupplicd by the • 
machine! ' and that the more powerful machine, by 
diminifliihg the' time of charging, wilt charge higher 
in thfc ifivferfe proportion of thi tirrie. It muft be 
cOnfeflfed that the fiippofitrons not being accurate, thi 
proportions are only nearly true* yet this Way of con* 
fidering the' fubjelfc may ferve to indicate the caufes, 
though riot ftrtttty to meafure the effeft. 

Erota the experiment ( 257, tr) <of feparating thfc glftft * y 
•from thfc pldtes of metal, it is lhewn, thdt the fur*- 
plus- of the ele&ricity on dot" forface, is either accu^ 
Tftridy or ' very nearly equfel to thfc deficiency on the 
other'; for if it Were otherwife, die plates and thfc 
tMfcttgfog wire would become ftrongly poflefled of 
ihc predbflrfnsting ele&ticity. It alfo . follows, that if z 
fchtf fchttdfy df pofitive and negative ele&ricity be true, 
tte&rife fcbdies ittuft contaih the tte&tit matter, for thfc 
tte&ffe ffates are evidently on the'furfaces of the 
0i&, independerit of the metal. Now, though i! may 
ea&ly be ^undcrftopd that a pofitive ftdt6 may be fupef- 
indifced by ah accumulation of eledbricity on one fur- 
face, yet it is" abfurd to fuppofe that the ele&ric rtiitte'r 

can 
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can be emitted and exhaufted from the other fide, if 
it did not cxift there, previous to fuch emiflion and 
cxhauftion. From this circqmftance it may be con- 
cluded, according to the fame theory, that all bodies* 
as well ele&rics as non-cle&rics, attract the ele&ric 
matter, but that cle&rica, being fo conftru&ed as not 
to admit it into their fubftance, as non-ele&rics do, 
Xhuft condenfe it upon their furfaces, and at all • times 
hold a great quantity fo condenfed. And if the quan- 
tity of elc&ricity be increafed or diminiihed on one 
fide, the electricity on the other furface mud be rare-, 
fied or conderiicd, in confequence of the diminution 
t>r increafe of the whole attra&ive force of the body. 
The effe&s will alfo be more confiderable the lefs the 
diftance is between the two furfaces (295; o), 

!l It is not poffible to charge an ele&ric plate by 
inducing an ele&ric ftate on one of its furfaces, un* 
lefs the other be at the fame time fufficiently near 
to a non- ele&ric to aflame the contrary ftate by emit- 
ting or receiving the ele&ric matter. 

1 If a plate of glafs be laid upon an uninfulated plate 
of metal, the upper furface may be rendered ele&ric 
by fri&ion, or by applying an ele&rified body fuccef- 

* lively to its parts. This ele&ricky may be taken off 
by touching the upper furface with an uninfulated 
metallic plate of the fame dimenfions as that upon 
which the glafs is placed, but will not be entirely 
taken off, becaufe the communication between the two 
furfaces in this method is not perfe&, and becaufe the 
metal cannot by ordinary means, be brought into ac- 
tual contad with the glafs. The fmall quantity which 

remains, 
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remains, produces an effcft which has been miftaken 
for a perpetual ele&ricity. For if a plate of metal, $ 
to which a glafs handle is affixed, be laid upon the, 
glafs, this fmall quantity of electricity will influence the 
metal, and, without a&ually communicating the elec- 
tric matter, will caufe It to exhibit a fimilar (late (297). 
If this be taken off, by drawing the fpark, and the 
metal then removed, by meads of the glafs handle, it 
will be found pofleffed of the contrary ftate of elec- 
tricity, and another fpark may be obtained. The me- 
tallic plate may be then ^again applied to the furface of 
the glafs, and the procefs again repeated, and fo on for 
3 prodigious number of times, without any fenfible 
difference in the event. For the ele&ricity at the fur- 
face of the glafs being almoft in the natural ftate, as to, 
condenfatiori, does not difappear for a very long time, 
and the very near approach of the metal enables it to 
produce the fame effeft as would be obtained at a 
greater diftance from a ftronger clcffHcity (295, o). 
This is made obvious, by bringing the metallic plate 
hear the furface of the glafs before its firft ftrong elec- 
tricity is taken off, for the fame event is then per* 
ccived at the diftance oNbur, five, or fix inches, as in 
the former cafe is produced by contact. 

The vapours of the atmofphere are continually at- d 
taching themfelves to the furface of cold glafs, and by 
that means deftroy the eleftricity. Sulphur, wax, 
Or refin, being Ids fubjeft to this, retain their ele&ric 
ftate much longer. A plate of glafs or wood, coated 
over with any fubftance of this nature, may be excited 

by 



by fri&ion, and will produce ck&ridtY Ux * ojctaKiG 
plafc, in the manner above defcribed* for a F$ry gre# : 
length of time* Such a pkte, together with ita metal, 
has. been named the ele&ropborus, fig. 177, 

B If the difcharge of an deftrified plate be made by 
the parts of a living animal, a codfidcrabk pain win be 
felt chiefly at the extremities of the mufcles. For ex- 
ample* if the lower metallic plate be ttfnchcd with 
one hand, and the other brought to the vpper plate, at 
the iriftant of the emiffion, a pain will be felt at the 
wrifts and elbows, which as inftantly vaniftics.x If a 
larger glafs plate be ufed, the pain will be felt in the 
breaft; if yet larger, the fenfarion will be that of a uni- 
verfal blow. This fenfation has obtained the name of 
die (hock, and will deprive animals of life, if fuffici- 
ently ftrong. The fliock from 50 fquttre inches of 
glafs, well charged, will inftantly kill mice, fparrows, 
or other fmall animals. Six fquare feet of gla& wiH 
deprive a man "*£ fenfation f& a time, if the (raid bt 
made a part of the circuit through which the eko 
tricity mov$s, No inconvenience has been found from 
the ele&ric (hock by men of ftrong haKts, but women 
of delicate conftiomons have had convulfions from a 

1 violent (hock. It may be obferve& that the clc&ric 
fhock is a proof that the ele&ric matter can pals " 
through the fubftance of non-ele&rics, and is not uni- 
verfally conduced along their furfaces alone, as fam$ 
have fuppofed. 
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CHAP. V. 

QW CLEPTRIC JABS J THE VELOCITY Op' THK 
SHOCKS LIGPT IN. THE BOYLEAN VACUUM 1 
THf CHARGING A PLATE. OP AIB-, WHENCE ty 
p^PUCED THE ACTION OF POINTED BODIES, 

For the fake of firnplicity and precifion, (the <}£ o 
fj;£ts of ?le&ricity, in charging glafs, have been 4e- 
fcfibed as they happen in flat pieces or plates. Th$(& 
however, are, fe]dpcp ufed. The pbje& of the phifa* 
fppher, ip genera], is to colleft a large quantity of elec- 
tricity, by means of the furfaces of eleftrics, and it is 
neither ijpceffary nor convenient to ufe flat plates. He 
therefore accommodates himfelf with a fufficient num- 
ber of prepared jars. Thefe are made of various h 
ffcapes and magnitudes, but the moft ufcful are thin 
cylindrical glafs veffels, about fpur inches in diameter* 
and fourteen in height; coated within and without, with 
tin-foil, which is ftuck on with gum -water, pafte, or 
wa*, excepting two inches of the rim or. edge, which 
is left hare, to prevent the communication between the 
coatings. About four inches from the bottom, within, 
is a large cork, that receives a thick wire, ending in 
feveral ramifications, which touch thef infidq coating; 
the upper end of the wire terminating with a knob, 
confiderably above the mouth of the jar, Fig. 179. 
When it is required, to be charged! it may be held 

in 
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in the hand, or placed on an uninfulated table, and the 
knob of the wire applied to the condu&or; the infide 
coated furface becomes poffefied of the electricity of 
the conductor, and the external furface acquires the 
contrary electricity, by means of its uninfulated coat- 
ing. When a jar of this kind is highly charged, it 
will difcharge fpontaneoufly over the uncoated furface, 
and feldom through the glafs, whereas, when the un- 
coated furface is large, it is more apt to break by 

1 that means, and become ufelefs. Yet, there is no cer- 
tainty that a jar, which has discharged itfelf oVer its 
furface, wiH not at another time break by a difcharge 
through the glafs, as the contrary often happens. If 
paper covered with tin- foil be ufedifbr the coating, with 
the paper next the glafs, the jar will be lefs liable to 
break. v * 

x. Ajar of confiderable thicknefs, with a neck like a 
bottle, in which is cemented a thick tube to receive 
the wire, will fuftain a very high charge, and produce 
much greater effefts than one of the laft defcription. 
The charging wire being inferted loofely into the tube, 
will fall out on inverting the jar, and the charge will 
remain for feveral weeks without much lofe. Ajar 
thus chkrged, may be put into the pocket, and ap- 
plied to many purpofes that the common jar cannot be 
ufed for. 

If the infide of the jar be confiderably damped, by 
blowing into it, through a tube reaching to the bot- 
tom, it will &ke a charge nearly one third greater than 
in the ordinary ftatc. 

When a greater degree of ele&ric force is required,! 

larger 
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larger jars muft be ufed, in which the form is of no 
eonfcquence, except as far as relates to convenience. 
But it is lefs expensive, and nearly as effe&ual, to ufe 
a number of fmallcr jars, having the fame quantity of 
cbateH furface as the large jars. In this cafe, a com- 
munication muft be formed between all the outfide 
coatings, which may be done by placing them on a 
(land of metal ; and alfo between all the inner coatings, 
which is beft done by iiieans of wires. Such a collec- 
tion is called a battery, and may & charged and dis- 
charged like a fingle jar. 

In difcharging ele&rical jars, the eleftnctty goes in M 
the grcateft quantity through the beft condu&ors, and 
by the Ihorteft courfe. Thus, if a chain and a wire, 
communicating with the outer coating, be prefented to 
the knob of a jar, the greater part of the charge will 
pafs by the wire, and very little by the chain, which is 
a worfe condu&or, by reafon of its difcontinuation at 
tvery link. When the difcharge is made by the chain 
&nfy, fpar ks arc leen at every link, which is a proof 
that they are not in contadt { and as the chain muft 
be ftretched by a confiderable force before the fparks 
ceafe to appear on the difcharge, it follows that there » 
is a repulfive power in bodies, by which they are pre- 
vented from coming into contadt, unlefi by force, as 
has been obferved in the former part of this tr&tife 
(l. 14, a; i. 48, a,b). x 

: By accurate experiments it appears, that the force a 
; pf the eleftric Ihock is weakened, that is, its effefts are 

'# diminifhed, by ufing a conductor of great length in 

I ipaking the difcharge. Yet, a very confiderable fhock" 

Vol. II. X was 
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was given by the Abbe Nollet, in the prefence of 
thd French King, to ohe hundred and eighty men; 
the firft of whom formed a communication with the 
outer coating, the reft joining hands in a circular line, 
and the lad touched the knob of the inner coating. 
They were all ftiocked at the fame inftanu Dr.Wat- 
fon, and many other gentlemen of. eminence in the 
philofophical world, were at the pains of making ex- 
periments of the fame kind, but much more accurate. 

p They found, by mffms of wire infulated on baked wood* 
that the eleflric (hock was tranfmitted inftantancoufly 
through the length of 12276 feet. 

^ When any animal or fubftancc 125 to be fobje&ed 
to the (hock, it is ufually done by means of two chains, 
one of which connects one extremity of the animal or 
fubftance with the outer coating, and the other being 
fattened to, or laid 09, the other extremity, is applied 
to the knob of the inner coating to make the difcharge* 
The animal or fubftance thus forming a part of the 

It 'circuit, receives the whole (hock. The ftrong (hock 
of a battery will melt wire of the leventieth of an incfi 
in diameter, and wires of lets diameters arc frequently 
blown away, and difperfed : and the effeft is the fame 
with equal quantities of ele&ricity, whether the inten* 
Sty be greater or lefs, within certain extended limits. 

s Gunpowder may be fired by a charge of three fquare 
feet : the method is, to put it into a quill, and thrtift a 
wire into each end, fo as not to meet, and then make 
thefe' wires a part of the circuit. A lefs charge will 
ferve if iron filings be mixed with the gunpowder. 

t Spirit of wine, jethcr, or a mixture of common and 

inflam- 
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in flarti friable air, may alfo be fired by the fame means, 
or even by the fpark from the condudtor. Yets it , 
ieems probable in thefe cafes, that inflammation does 
not take place becaufe the ele&ric matter is fire, or in 
an ignited ftate, but becaufe its extreme velocity excites 
that inteftine rhotidn Which faifes the temperature of 
bodies (121, c,d> b). 

If the ball of a thermometer be placed in a ftrong x$ 
current of eleftricity, the ihercury or Ipirit will rife 
many degrees *. • • " *• 

A ftrong fliock gives polarity tor fmall needles. v 

Eledricity will pafs by means of non-ele&rics that w 
a;e lb fmair as to be deftroyed by its pafiage, as has 
juft been inftanced in wires : the force of the explofion 
in thefe inftances is very confidcrable, and is termed 
the lateral force of ele&ricity. The following is a 
proof of this, and may be exhibited with lefs than a 
fquare foot of coated glafs, if well charged. At the X 
glafs-houfe thefe is ufually a great number of folid 
(licks of glafs, about a quarter of an inch diameter ; if 
thefe be examined narrowly, feveral of them will be 
found to be tubular for a confiderable length, but the 
diameter of the cavity feldom exceeds the 200th part 
of an inch. Seleft thefe, and break off the tubular \ 
part, which may be filled with quickfilver by fucking 1 
care being taken that no wet previously infinuates it* 

felf, and then fend the fhock through this fmall thread 

« 

* Fiom 67 to 99 degree's, in a fmall mercurial thermometer. 
See Ntirne's Description of his Eledrical Machine. London, 

X % of 
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of quicksilver* which will inftantly be difplodcd, *nd 
yill break or fplic the tubp in a curious manner. 

If a piece of the common glafs tube be drawn 
out very finally by means of the blow-pipe, and then 
filled with mercury, the (hock will caufc both the mer- 
cury and the tube to difappear in the tgplofion; no- 
thing being fecn but fmoke or vapour. 

An «flcriff*nt Bribe to theft may he made with a 
glafs- tybf filkd yith water* Take a ftnall glaffc-tqbe, 
the cavity of which is about a quarter of an inch in 
diameter, fill it with water, and flop the end with foft 
pomatum : through the pomatum infert two wires, that 
they may alutoft touch each other, and make their 
en(ds a part of the circuit in the difcharge of a ftrong 
Ihpck, from about two feet fquare of coated glafs ; the 
copfequcn.ee yviy be, that the water will be difperfed in 
every dinc&ioq, and the tube blown to pieces, particu- 
larly ip thp middle, near the difcominuation of the wire; 
the eftds wilh the wires and pomatum will fometimes 
be found undjfturbed. This is a ftriking inftancc of 
the velgcity and force with which the ele&ric matter is 
moyed (i. qp). 

Tfek property, of being charged and difch^ged, b 
not peculiar to gla& but i§ common to all other 
ekftrics. 

If a thin bottle be exhaufted of air by means of the 
air-pump, it will receive a confid^rabk charge by ap- 
plying its bottom to the ele&rified prime condu&or, 
during which time the elc&ric shatter will pafs through 
'the vacuum between the hand and the inner forface of 
that part of the glafs which is neareft the prime con- 
du&or. 
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dufton This appearance, flie caufe of which has i 
already been in feme degree explained (292, k) rs ex- 
ceedingly bfeautiful ra the darky cfpecially if the bottle 
be of 4 considerable length. It exa&ly refertibfesf tbtifi 
lights fchich appear in the northern fky, ind Art called 
ftrcamers, or the aurora bor&Hs: If onto hstotf be Ap- 
plied to the part of the bottle which was applied to tK* 
eondu&for, while the other rcirtaftfe at the neck, the 
fcock will be felt, at which ihffiant rhfc riararai ftate df 
the inner furface i& feftored by a ftifh, tf hfch 4 is feeft 
pervading* the vacuumr between the* ttoa hands; 

The cto&ric fhotk may be given f?om a pfate of e 
air,- by means of tw6 large plates of metafy tit tk&ikt 
boards coveftd wkhf tinfoil ; one of which is to bfe 
fufpended to the prime conrfoftoiy and ttofc other placed 
parallel to it on an untnTulated ftand; at a convenient 
diftance. Thefe boards rmrfy be tfgatderf is tfe 
coatings of the plate of *ir Contained' between thrift, 
and if a communication be f6r metf bttltfcitf thirty by 
touching the uninfitfartd boatd with'ohe haiid,* and ap- 
plying the other hand to* the cotidu&or, th£ (hock wfl! 
be felc accordingly. It i3 althoft uttheceflary to <M£ x 
ferve* thgt if the ete&rifcity be powerful', or thif diftaribe 
between tht? plates fitiall 4 , the chafgH will pafs from thft 
Orift to the other in a'fpttk through ttirf atir. 

If Mrc compare; this exjJerirfterif With* what has al*- 
ready been bbffervfcd re^>eflting : the charging and' cfif- 
. charjging eleftric bbditfs; it wilf appear that moft of the 
ettffiid jAenomeria 1 a!re~ the COrifeqUenccV of die air 
Being cbarrjgedi T*hus, thd ptttnt conductor imparts 
its dtfltrfcity to die furface* of atf imnijdtately contigu- 

X 3 ous, 



3 ID THE 'AIR CHA&GBD. 

ous, and when the fpark is drawn the difcharge is 
made to the non-ele&rics, namely, the floor and wain- 
fcot of the room, which are in contad with the oppo- 
fite furface. The charge of elcftrics has already been 
obferved to be greater, (297, t) the nearer the fiir- 
faces are to each other ; thus, glafs beyond half an inch 
thtcknefc can (carcely be charged by our machines: in 

f like manner* the difcharge, that is 'to fay, the (park 
from the condu&or, will be greater, when a large com- 
pany ftand about it than at other times, the body of air 
which is interpofed between the condu&or arid the 
neareft uninfulated non-ele&rics being then left in 
thicknefc than at other times. Ic follows alio," that 
a large conductor will give a larger ipark than a 
lels ; the difcharge being from a furface proportionally 
greater. And fince this difcharge confifts chiefly of 
. die ele&ric matter, refiding at, or near the furface of 
contact, and little, if at aH, of that which may be 
within the fubftance of the condu&or, it is of no con- 

O fequence whether the. conductor be a (olid non-elec- 
trie or hollow, provided the furface be unaltered in 
form find magnitude, Hollow cylinders of copper, or 
tin, or wood, or pafteboafd, covered with tinfoil, or 
ftrongly gilt, are the conductors generally inr ufe. 

ji It is a confeqvience of the air being charged that 
broad nop-ek&ric fqrfaces draw large fparks from the 
condu&or $ fpr the fparks are the difcharges of a 
large plate of interpofed air. . A kfs furface will draw 
a lefs fparl^ bu( becaufe the fame machine charges 
lefs furfaces higher than greater, the fponuneous dif- 
<:harg? through the body of the electric air will be 

madft 
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made at a greater diftancc of the furfaccs, that is to 
fay, the fparks will be longer. If the fuiface of the 
rton-ele&ric prefented be yet lefs, the Iparks, for the 
fame reafon, will be lefs, and emitted to a dill greater 
diftancc. And if the furfacc be indefinitely fmall, or, 
in other words, if the non-ele6tric bd pointed, the 
fpark may be fo fmall as to be invifible, and the 
diftance to which it can be emitted may be unlimited. 
The effe& of pointed bodies feems to depend on cir- 1 
cumftances ofthis nature; but the reafon of the different 
appearances of the light on points ele&rified pofitivcly 
or negatively,, (till remains a difficulty. 



CHAP. VI.- 

AN ACCOUNT OF SEVERAL INSTRUMENTS/ AND OF 
THE PRODUCING AN ELECTRIC STATE WITH- 
OUT EVIDENT FRICTI-ON, 

The condenfer is an inftrument of the fame kind k 
as the ele&rophorus, but differently ufed. For in- 
ftead of the interpofed ele&ric being previoufly charged, 
it is of great importance here, that it (hould be per- 
fectly in the natural ftate. In this fituation if the upper 
conducing plate be connedted with a larger body 
weakly ek£rified, while the lo^cr plate is unihfulated, 
the upper will receive the ele&ric ftate, and on being 
feparated or lifted up, will exhibit it with a much 

X 4 higher 
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higher degree of intenfity. So that very fm%Il de- 
crees of ele&ricity may be rendered fenfible by this 
admirable contrivance. 

t To explain the caufe of this, it muft be recoiled ed 
that the action of a neighbouring conductor (295* p) 
diminifhes the intenfity of the electric date in another 
conductor, more efpecially if the former be uninfulated. 
The eleftrified infulated conductor will therefore ad- 
mit of a more confiderable degree of electrization be* 
fore its intenfity can be rendered equal to what it was 
when folitary, Suppofe this done, and the additional 
condu&or then removed, and it is evident that the elec T 
trifled conductor will, by the uniform diffufion of the 
elediricity, be left in a higher ftate of ele&rization than 
it would have acquired by the fame means without the 

)M afiiftance of the uninfulated condu&or. The two 
plates of the condenfer are in thefe circumftances: the 
upper receives more ele&ricity, becaufe of the vicinity 
of the * lower, and (hews a greater intenfity when, re* 
moved out of that vicinity. 

N To accomplifh this purpofe, in the moft effedual 
planner, it is necefiary that the interpofed ele&ric be 
very thin (297, t) and that the fqrfaccs be well adapted 
to each other. The ele&ric may be a coat of v^rnifh 
laid on the lower or upper plate, or a thin filk fattened 
to the furface of the upper. 

O If the ele&ricity be ftrong enough to charge the 
cle&ric, the acquifition of the eledtric ftate by the 
metal will be counteracted on the ele&rophorus printU 
pkj and the charge will tend greatly to <#fturb and 
fa\Cify th<? refults of cxpaim^ts made while it remains* 

« 

A flight 
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A flight warming of the varnHh* either by die fun or 
any other gentle heat> will however diffipate it. But 
the beft remedy for this, is to ufe fuch an apparatus as 
will neither retain a charge nor fuffer the metallic plate 
to obtain a higher ele&ric date than ic can carry off on 
its reparation. 

The fagacious inventor has therefore fubftitutcd in- p 
ftead of the lower or fixed part of the apparatus* at 
piece of dry marble, or marble varnifhedf with copal 
varnilh and' kept in an oven for a fhort tit&e, or yery 
dry wood. Here the very thin ftratum of air between 
the metal plate and »the fubftaqce it refts on, feetns 
to fupply the place of the eleftric, and the iow 
perfe&ly conducting power of the mar bk or the wood, 
prevents any charge from being accuqj^ted. This 
laft apparatus alfo performs its office better than the 
other. 

To ufe this, inftrument die metallic plate is to be <^ 
laid on the marble or varnifhed metal; and a connect iop 
formed between the upper plate and the body, the elec«* 
tricky of which is to be examined. This connexion 
may remain eight or ten minutes, or longer* if the elec* 
tricity be very weak, and then be removed. The me-» 
tal plate being lifted up, will exhibit figns of ele&ricity 
if the connected body were in an ele&ric Abate *. 

* The ele&rophorus and dondenfer were invented by Mr, ' 
Alexander Yolta, Profeflbr of Experimental Philofophy at Como* 
&c» This laft inftrument is honourable to its inventor, not only on 
account of the extenfively ufeful purpofes to which it has been and 

inay be applied ; but likewife becaufe it was difcovered; not cafui 
ally, like moft other eiectrical apparatus, but in confequence of fcfc 
entiric deduction and reafonjog. See Phil, Ttaaf, Vol. J2 r Part 1, 

or (&vaUo>Ele&ricity t 

Various 



^A' 



314 ILBCTRMIETERS. 

* Various inftrumcnts have been contrived to difcover 
the prefence of eleftricity, together with its intenfity 
and kind. Thcfe have been adapted to obferve either 
the attra&ion, or repulfion, or the length and figure of 
the fpark. 

$ Small degrees of electricity are very well (hewn by 
the divergence of two fine hempen threads, fufpended 

T together from the conductor. If little balls of pith or 
cork be fattened to the ends of the threads, they will 
ferve to denote ftill greater intenfities, as they will not fo 
loon arrive at their utmoft divergence by the mutual re- 

v pulfion. Fig, 184, is a very ufeful electrometer upon 
this principle. It confifts of an upright (tick of box- 
wood, a b, on one fide of which is affixed a graduated 
femicircle; f*jp a ball of pith or cork, and is (luck 
upon the end of a fmall rod or radius of Wood, which, 
by means of a fmall axis at c, is moveable in a plane 
parallel to that of the (emicircle. This electrometer is 
fixed upright on the prime conductor; the radius will 
therefore hang perpendicularly down when it is not 
cleft rifiedi and according to the intenfity of the eleCtric 

" ftatfe given to the conductor, the repulfion mud caufc 
the ball to afcend. The afcent will be marked by the 
graduations. 

v This electrometer, though' very ufeful, has the im- 
perfection of being lefs (enfible of the changes of elec- 
tricity when the intenfity is considerable, than when the 
repulfion at the beginning of the fcale ads at right angles 
to the radius. It has alfo another inconvenience com- 
mon to all electrometers, namely, the want of a ftandard 
of original adjustment, by means of which all inftru- 
7 mem* 
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ments of the kind may indicate^ the Tame intenfity in 
fimilar circutnftances. 

Fig. 174 reprefents an elc&rometer for mcafurtng w 
the length of thfc fpark. a reprefents a feftion of the 
prime condu&or 5 the wooden ftem b being inferted 
therein. The bent part d is varniihed glafi. Through 
a wooden collar c pafles a wire chat carries a ball of 
metal e, which may be fet at different diftances as re- # 
quired. A chain may be hung on the outer part f. ] 
This eledtrometcr is chiefly ufeful for {hocks, greater 
or lefs as may be required. For this purpofe the knob 
of the jar mult be in contaft with the prime, conductor 
and a chain from f muft touch the external coating. 
When the chaige is fufficicntly high, the explofion wilt 
be made through the interval between a and e. 

Fig. 178. is a very fenfible ele&rometer, well it 
adapted for the obfervation of the prcfcncc and quality 
of either natural or artificial electricity, abc is the 
brafs cafe containing the inftrument. When the part 
a b is unferewed and the etaftrometer taken out, it ap- 
pears as reprefented at abdc. A glafs tube cdnm 
is cemented into the piece a b. The upper part of the 
tube is fhaped tapering to a fmall extremity, which it 
entirely covered with fealing-wax. Into this tapering 
part a fmall tube of glafs is cemented ; the lower ex- 
tremity being alfo covered with fealing-wax, prqje&s a 
fmall way within the tube cdmn. Into this fmalkr 
tube a wire is cemented, which, with its under extre- 
mity, touches a flat piece of ivory h, fattened to the 
cube by means of a cork. The tipper extremity of die 
yt ire projects about a quarter of an inch above the 

tubc^ 
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tube, and (crews into the brafs cap i f, which cap is 
open at the bottom, and ferves to defend the waxed 
part of the inftrument from the rainy &c« Frorti h 
are hung two fine filver wires, having very frriall c6rk* 
at their lower ends, which by their rtptACton (hew 
the ele&iicity. i m and k n are two flip* of tin-foil 
ftuck to the infide of the glafs, and corrrrrrufricatmg 
*rah the brafs bottom a t. They ferve to convey away 
that ele&ricity, which, when the Corks touch the glafs/ 
is communicated; to it 2nd might difturb their free 

motion* 

To ufe this inftrameM for artificial' elcftricity, bring 
a body in atr elcftric flaw (a tftek of fealftig-wax pte- 
vioufly rubbed, ta as? convenient as any)* near the brafi 
cap; the corks (294*0) will diverge with' the &r&A 
tle&ricity rill one of them touched the tftifoil im or km 
when they will immediately coHapfe. Remove ttitf 
ekftrified body, and the corks will again diverge with 
the contrary electricity. Inf this fituatiofy ftippofihg 
fealingrwax to have been ufed, a body poflefled of the 
pofitive electricity being' btfought near the cap will 
caufe the corks to diverge ftill more $ bur if nig** 
tive» it will caufe them to approach nearer to' eacH 
other* 

When this eleftrometer is to be ufed to tif the-'eleN 
tricity of fogs, air, clood$ &c. the obferar is to dtf 
nothing more than to unferew it from its cafrattd hBld 
it by the bottom a b, to prtfent it to the air in an open 
place a little above his head, fo that he may convent* 
ently fee the corks p. A very fmall degree of efeo 
tricity, will caufe them to diverge, and- its quality may 

be 



£hb »fcertained by bringing an excited ftkk of fealing- 
,wax, or other efc&ric, toward* fchc cap £ f. 

But the electrometer of Rennet, U by far the moft x 

delicate of any of the instruments which have yet been 

* 

applied for diftinguifbing fimple electricities. 

It C9nfift$ of two flips of leaf gold, a*> fig* 1 $0, fuf- 
pended in a glafs b. The foot c may be made of wood 
or metal; the cap d of metal The cap is made flat 
on the top, th^t plates, books, evaporating water, or 
other things to be ele&rified, may be conveniently 
placed upon it. The cap is about an inch wider yi 
diaipeter than tin* glafs, ancj it$ ritn about three quar- 
ters of an inch broad, which h^ngp parallel to the glafi, 
to turn off the rain and keep it fufficientjy infulated. 
Within this is another circular rim, about half as brqgji 
as the other, which is lined with filk or velvet, and fits 
clpfc upon theoutfideof the glafs: thus the cap fits 
well, and may be eafily taken off to repair any accident 
happening to the leaf gold. Within this rim is a tin tube 
£> hanging from the centre of the cap, fomewhat loogec 
th^n the depth of the inner rim. la the tube a fmall 
peg is placed, and may be occafionally taken out. To 
the peg* which is made round at one end and fiat at 
the other, two flips of leaf gold arc fattened with pafte, 
gum- water, or varnijfh. Thefc flips, ljufpepded by the 
peg, and that in the tube faft to the centre of the cap, 
hang in the middle of the glafs, about three inches long, 
and a. quarter of an inch broad* In oqe fide of the cap 
there is a JjnaJl tube q, tQ pla.ee wfeea in. It is evident, 
that without the glafs the leaf gold would be fo agitated 
by the lcaft motion pf the ajr, thai it would be ufelcfs; 

and 
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and if the ele&rictty ihouM be communicated to the 
furface of the glafs, it would interfere with the repulfioti 
of the leaf golds therefore two long pieces hh of tin 
foil are fattened with varnifh on oppofite fides of the 
internal furface of the glals, where the leaf gold may be 
expelled to ftrikc, and in connexion with the foot. 
The upper end of the glaTs is covered and lined with 
fealtng wax as low as the outermoft rim, to make -it* 
infulation more perfect *• 

The fenfibility of this inftrument is fo great as even 
to aft oiji & the mod experienced electricians who have 
not before been witnefles to its effe&s. The brufh of 
a feather, the projection of chalk, hair-powder or duft 
againft its cap evince ftrong figns of clecStricity. The 
electricity of vapour is elegandy ftiewn by pouring a 
tea-fpoonful of water on an agitated coal placed in a 
metallic cup upon the cap of this ele&rometer : and a 
very great and pleafing variety of other experiments 
may b* made with this excellent inftrument. 

The ingenious ele&rician who is not provided with 
the inftruments here defcribed, may fupply their place 
by contrivances which a knowledge of the general fads 
will eafily indicate. Strong electricities may be diftin- 
guiihed by the light at the extremities of pointed bo- 
dies, and for lefs intenfities a downy feather may be 
fufpended by a fine thread of filk. This being electri- 
fied, by bringing it into contaft with the cylinder or 
conductor of a machine, will pre ferve its eleftric ftate 
for a confidcrable time j during which it will be repelled 

* Phil traaf. vol. 14. p. *t. 
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by bodies in the fame Hate, and attracted by all 

Others. 

We (hall finifh this general account of artificial * 
electricity with pointing out fome of the other means % 
of producing it, which do not fcem referable to the. 
oifual method of excitation. 

The efcape of vapor or elaftic fluid from bodies d 

in a ftate of combuftion, from water thrown on hoc 
coals, or from chemical menftrua in a ftate of effer- 
vefcence, leaves the refidue negatively ele&rified. 
Thefe important fads feem to point at a general law of 
electricity, that may tend in future to explain the phe- 
nomena in which heat is latent (i 17, t), and to which < 
it bears a linking analogy *. 

It appears to be a, fair deduction from thefe fads, 9 
that as bodies take up elcdricity when they aflfume an 
elaftic form, fo they muft depofit it when they are again 
condeofed. The experiments, however, to afcertaid 
this have not yet beerf made. 

Sulphur melted iii an earthen veflel, and placed to e 
cool upon uninfulated conductors, is ftrongly eledtric 
when taken out, but is not fo when k has flood to cool 
' upon eleftric fubftances. 
" Sulphur melted in a glafs veflel acquires a ftrong f 
cle&ricity in the circumftances above mentioned, whe- 
ther the veflel- be placed on electrics or not; but 
ftronger in the former cafe. This elc&ricity is yet 
ftronger, if the glafs be coated with metal. In thefe 
cafes the glafs 4s always pofitive, and the fulphur nega- 
tive. It is particularly remarkable, that the fulphur 

* The difcovery of Sig. Volta. See Phil. Traaf. vol. 72. 
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rtquires no ele&ricity till it begins to cool and cootraft, 
and is the ftrongeft at the rime of the greateft contrac- 
tion : whereas the ele&ricity of the glafs is at that time 
weakeft, and is the ftrongeft of ail when the fulphur is 
ihaken out before it begins to contract, or has acquired 
any negative ele&ricity*. 

It has been obferved, that (ilk or worfted ftockings 
become ele&rical after being worn fome hours, more 
particularly the filk, as does alfo a beaver ftiirt worn 
between two others. If a white and a black filk flock- 
ing be worn on the lame leg, they obtain contrary 
ek&ricities. When drawn off together they fliew 
very little figns of ele&ricity, but, upon feparating 
them, each indicates an ele&rical ftate fo ftrongly, that 
the repulfion inflates them, fo as to exhibit the intire 
fhape of the leg. If the two ftockings be allowed to 
come together, they ftrongly attralt each other, the 
inflation fubfides, and they ftick very clofely together; 

■ 

in which fituation they retain their ele&ric ftate, not- 
withftanding the approach of the fharpeft metallic , 
point. A fecond reparation again exhibits their re- 
fpc&ive clc&riciries as before ; and this may be done 
feveral times without much diminifhing their ele&rici- 
ties. The ele&ricity of the black (locking is negative, 
and of the white pofitive. 

T^e tourmalin is a hard gem, either pellucid or 
opake, of a red colour, and is brought from the ifland 
of Ceylon, by the Dutch. It poflefles the property of 
afliiming an electric ftate if heated ; one fide of it bc- 

* Thsfe fadi a/t denied by Vplta, i* Phil. Tranf. vol. 72. 

coming 
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coming pofitive, and the other negative. If this dec- 
tric-ftate be taken off by conta&j the done will become 
ele£tric as it cools ; but with this difference, that the 
fide, which during the heating was pofitivc, will' nov* 
be negative, and the other fide pofitiVe, which before was 
negative. But if the cteftric ftate be not taken off! 
the feme kind of ele<5tricity will be found on the fame 

fide during the- whole time of heating and cooling. 

Either fide of the tourmalin will become pofitive by 
.friction, and both may be made to at the lame time. 
Thfefe are the chief properties of this very remark- I 

able done, which are alfo common to the Brazil topaz, 
. and fome other gems. There are ieveral important 

particulars relative to this and every other branch of 

cicatrical knowledge, which cannot be enumerated and 
-/defcribed, in an introductory book, on account of the 

great length of detail they would require. For thefe* 

the ftudent muft have recourfe to treatifes written ex- 

prefcty on this fubjeft. There are alfo a number o( 
fanciful and pleating variations of the common experi- 
ments. BeHs are rung by an infukted clapper, which v 
is alternately attracted and repelled -between two bells 
in oppofite ftates of eleftricityj figures cut in paper 
are made to dance by the attraction and repulfion be* 
tween two metallic plates ; light mills of pafteboard are 
driven tound by the currfent of air from eleftrified 
jxririts, &re. particular accounts of all which may 
be Imd in pamphlets, which are frequently Ibid by the 
makers of the eledtrical apparatus *. 

i 

. # Fora fuljer account of de&w^difco^rtes afid apparatus 
^oonfult Prieftley's Hiftoty of Elearicityj. Adams's Eflay on Elecf- 
tridty j or Cavallo's Complete Trcatite. V 

Vol. II. Y CHAP. 



3« 



BttCTtlC PtStfi 



\ 



CHAP. VII. 

OF NATURAL ELECTRICITY; AND OF* THE IDEH* 
TITY OF LIGHTNING AND THE ELECTRIC J£AT« 
TEE, 



fc. That electricity is no trivial or confined fubjeft, 

- muft appear from what has already been faid, fince 
there is no body in nature that is not adted upon by it> 
cither as acondu&or or non- conductor. The import- 
ance of the ele&ric matter in the (yftcm of the world 
is more particularly confirmed by obfervations on thofc 
phenomena! which take place without the concurrent 
operation of man. Of thefc it will be proper to give 
fomc account* 

l Several filhes poffefs the property of giving the elec- 
tric (hock. The torpedo, or. numbing fi(h, and one 
of more fpecies of eels from Surinam, if touched by 
the hand, a metal rod, or any other condu&or, give a 
confiderable (hock to the arm, but may be fafely 
touched by means of a ftick of fealing-wax. The 
Ihock depends on the will of the fifh, and i$ tranfmitted 
to a great diftance, fo that if perfons in a (hip happen 
to dip their fingers or feet in the fea, when the fifh is 
fwimming at the diftance of fifteen feet, they are af- 
fefted by it. 

M Many diforders of the human frame have been cured 
or relieved by electricity. Ip all cafes, except thofc 
called nervous, the cle&rie wind from a wooden of 

metallic 
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Metallic point, the fpark, or gentle (hocks may be 
iafely adminiftered without fear of doing harm* if no 
good effeft flbould be produced* This remedy feem* 
peculiarly applicable to local diforders, fuch as fwell- 
ings, contractions, rheumatic and other paios, palfies* 
&c. in which its effe&s arc very often wonderfully 
fudden and beneficial. The fpark or fmall fhocks 
through the pelvis, regulated according to the feelings of 
the patient, are faid to be an infallible cure for the Tup* 
preffion of the catamenia ; and it is certain that in many 
deplorable cafes it has effefted a cure. It is generally . 
admitted as a rule in the application of ele&ricity, that 
it ought never to bfc fo ftrong as to be difagreeable to 
the patient in any confiderable degree* 

But the moft remarkable appearances of ele&ricity, nf 
which are viewed with furprife and admiration by all 
ranks of people, arethofe which may be termed atmof- 
pherical, as for the moft part exifting in, or depending 
on, the ftate of the atmofphere. Lightning is proved 
to be an tle&ric phenomenon, and there is little doubt 
but the aurora* bo real is, whirlwinds, water-fpouts, and 
earthquakes, depend on the fame principle* 

The refembknee between the elcftric fpark and a 
lightning, is fo' obvious, that we find it among the 
carlieft observations on the fubjedt j but the proof of 
the important theorem of their identity was referved 
for Dr. Franklin, who is fo juftly celebrated for his . 
many difcoveries in this branch of natural philofbphy.^ 
He firft obferved the power of wninfulated points, in 
drawing off the cle&ricity from bodies at great difc 
tances, and thence inferred that a pointed metallic bir, 
if infulatcd at a confiderable height in the air, would 

t» become 
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become elettrical by communication from the clouds 
during a thundcr-ftorm. He communicated this 
thought to the public j and leveral machines! confid- 
ing of infulatcd iron bars, ercded perpendicular to the 
horizon, and pointed at top, werfc fet up in different 

t parts of France and England. The firft apparatus 
that was favored with a vifit from thfe ethereaf matter, 
was that of Monf. Dalibard, at Marly la Vitfe, about 
fix leagues from Paris. It Confided of a bar of the 
length of forty feet, and was deftrified on the tenth of 
May, 1752, for the fpace of half an hour, during which 
time the longed fparks it emitted meafured about two 
inches. 

^ Dr. Franklin, after having publi/hed the method of 

verifying his hypothefis concerning the famenefs of 

fclfe&ricity with the matter of lightning, was waitibg for 
the ere&ion of a fpire in Philadelphia to Carry his 
views into execution ; not imagining that a pointed 
rod of a moderate height could anfwer the purpofe ; 
when it occurred to him, that by means of a common 
kite he cpuld have a readier and better accefs to the 
regions of thunder, than by , any fpire whatever. Pre- 
paring therefore a large filk handkerchief, and two 
crofs flicks of a proper length, on which to extend it, 
he took the Opportunity of the firft approaching thun- 
der-dorm, to walk into a field in which there was a 
'filed convenient for his purpofe. But, dreading the 
ridicule which too commonly attends unfuccefsful at- 
tempts in tfcience, he communicated his intended ex* 

pertmerit to nobody but his fon, who aflided him i» 
raffing the kite; 

The 
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The kite being raifed, the end of the ftring bcirig s. 

tied to a 61k firing, which he held in his hand, and a t 
fmall key being fattened at the place of jun&ion, a cons- 
iderable time elapfed before there was any appearance 
Of its being electrified. One very promiffng ctoutf had 

palled over it without any effe&j when, at length, juft 
as he was beginning to defpair of his contrivance, he 
oble,rved fome loofe threads of the hempen ftrrng to 
ftand ere&, and Ito avoid one another juft as if they 
had been fufpended on a common conductor. Struck * 

with this promififlg appearance, he immediately pre- 
fentcd his knuckle to the key, and* let the reader judge 
of the exquifite pleafure he felt at the moment, the dif- ' 
covery was complete. He perceived a very evident 
ele&ric . (park. Others fucceeded, $vcn before the 
ftring was wet, fo as to put the matter paft a}! 1 difput^e ; . 
and when the rain had wetted the ftring, h6 colle<2cd 
the electricity very copioufly. This happened, in jtine 
1 7 ^ 2, a month after the elc&ricians ' in France ha& 
'verified the fame theory, but before tie * had' hear cfijf 
any thing they had done. ^^ * 

The grand pra&ical ufe which the Do&or ttiacte *df s 
this difcovefy, was to fecufe Wildings from being da- 
maged by lightning, a thing of vaft confequence'in all 
parts of the world, but more efjpecially in feverat parts 
of North America, where tfrunder-ftorms are more fre- 
quent, and their effects, in that dry air, more dreadful, 
than they are ever known to be with us. 

This great end is accomplifhed by fo eafy a method, T 
and by fo cheap and feemingly trifling apparatus, as fix- 
ing a pointed metalline rod higher than any part of the 

Y 3 building* 
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building, and communicating with the ground, or rather 
the neareft water. This wire the lightning is fure to 
ftize upon, preferably to any other part of the build* 
ing, unlefi it be very large and extended, in which cafe 
wires may be ere&ed at each extremity; by which 
means this dangerous power is fafcly conducted to the 
earth, and diffipated without doing any harm . to the 
building. . 

v Conducing rods are now become very common, 
both for the purpofe of ftrcuring buildings, and of mak- 
ing obfervations on the date of the atmofphere. The 
beft of thofe which arc intended for the latter purpofe, 

v is the following* On the top of any building, which 
will be the more convenient if it (land upon an emi- 
nence, ere& a pole as tall as a man can manage with- 
out difficulty! having on the top of it a (olid piece of 
glafs or baked- wood, a foot in length. Let this be 
covered with a tin or copper vcffel in the forgi of a 
funnel, to prevent its ever being wetted. Above this 
Jet a long (lender rod rife terminating in a pointed wire, 
and having a fmall wire twilled round its whole length, 
to conduit the eledtricity the better to the funnel. 
From the funnel, let a wire defcend along the building 

- about a foot diftance from it, and be conduced through 
an open fa(h into any room which fhall be mod con- 
venient for managing the experiments. In this room 

% let a proper conductor be infulated and connected with 
the wire coming in at the window. This wire and 
conductor, being completely infulated, will be electri- 
fied whenever there is a confiderable quantity of elec- 
tricity in the air| and notice will be given when it is 

properly 






p 
i 

\ 

i 

I 



CONDUCTING RODS* 3*7 

properly charged, eithet bythentutual^epulfion of two 
fmall balls of cork ,fruag to it by threads, or by. the 
ringing of t^vo finall bells, the one fufpended from, and 
communicating with' the conductor, and the other tra- 
infuhted: th#c fcells will be in oppofite ftates of elec- 
tricity when : the condxi&or is ele&rified, and if & clap- 
per or fmall metallic ball be hung by: a filk thread be- 
tween them, it will be alternately attra&ed and re- 
filled by each, and confequently indicate the elec- 
tricity of the condu&or by ringing. The condenfer w 
(3 v 1, it) is of excellent ufe to afcertain the prefence 
and quality of attaofpherieal ele&ricity when the con- 
db&or is too (lightly electrified to attract a thread, or 
%d exhibit any of the ufual appearances. • . 

To make thefe experiments jn perfeA i^fetjii, tjirx 
elcftrified wire (hould be brought within a few inches) 

of a cotodu£iAg rod, which ferves to guard the hbuie, 
that the redundant ejedricicy may pafsioflvthat wayi; 
without ftrikbg any perfon who may happen *> ftand : 
near it. The conductor to guard the houfe ftumldcon-'' 
fiftof a rod, without breaks or difcontinuifies, between J 
on* fourth and one half of an inch thick, if it ' Be of : 
iron; but fmaller if it be brafs or copper* terminating ' 
upwards^ a (harp point about four or five feet above : 
the higheft part of the buildi%: it is <!tonv*ftient thatf* 
this point be of gold, gr gilt,' to :preferve .&' frbriv. 

rufting. The lower end of the rod (hould, if poffibfc,^ 
be continued to fome well or running watery or other- 
wife it Ihould be funk feveral feet into the ground, at 
(he diftance of fome yards from the building. It is of 
< Y* no 
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no conftquence how many bendfogp* are made in the ^ 
rod, but it is much better to fatten it to the ouriide than 
the infide of the building ; for thefe condu&ors are 
known to emit fparks during thundcr-ftorms, notwith- 
(landing their infertion into the earth, from which fatal 
confluences may be apprehended when the ek&rk 
force is very great, 

y It is clear, from many inftances* that the lights which : 
are ften at the maft-heads of fliips, and on the vanes of 
. fome churches during thunder, owe their origin to the 
ek&ric matter paffing by means of uninfidated points. 

9 The pohrity of the compafjs-needle has been known, 
ia feveral inftances, to have been deftroyed or reverted 
by lightning, An effeft which, as has-been obfcrved, 
-may ,be produced by the ele&ric Ihock from glSfi 

4 If the eleftrictan be defirous of making experiment*, 
upon the ele&ricity of the atmosphere to greater ex- 
aftnefs, Tiq ; muft raife a kite, by means of a firing in 
'which a foxall wire is twitted, The lower extremity 
of this line muft be (ilk, and the wire mud terminate 
in fome metallic conductor of fuch a form as fhall be 
thought mq(t convenient* But it is dangerous to raife it 

upon the approach of a thunder- ftorm > and tiipon this 
ocqUion the common apparatus for drawing elcftricny: 

(mm clouds will probably anfwer every intended pur* 
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chap. vni. 

OP LIGHTNING, AND OTHER METEORS. 



know that lightning and the ele&ric matter are t 
Ac lame, is a great ftep in natural philofbphy, but we * 
xnuft ftill remain ignorant of the caufes of many of the 
appearances which accompany lightning, fo long as our 
acquaintance with the properties of ele&ricity is fo 
very impcrfcdt. We know that the clouds arc almpft c 
always ele&rified, ibmetimes politively, and fometicne* * 
negatively; but whence, or by what »me an s, thry Ac- 
quire this ftafie; whether by the heating or cooling D 
of the air, upon the tourmalin principle, white vcr that 
may be, or whether the clouds be only the condudtors S 
by which the electric matter is conveyed through the 
air, from places in the earth where it is redundant, to 
other pkecs whet*e there is a deficiency, tannbt^afily 
be determined. The firft is the conjecture of the well 
known Mr. Canton ; and the latter is the chief propo- 
fitiari 4iv the theory of that great philofophtr Sig*, 
Becearbi of Turin. It is probable, that both circum- 
fiances may conduce to the effeft ; the heating or 
cboBng of the air may produce, or rather coflrd, that 
ek&ricky, which is fo great an agent in atmofpherical 
events ; and its difcharge may be effedfecd in the man~> 
ner in which Signor Beccaria^has, with great probabi- 
lity, fuppofed it to be accomplished. 

The 
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Y The difcovery of Sig. Volta, of the elc&ricity of 
vapors, or elafiic matter raifed into the atmofphere by 
fire or otherwife, is a capital advance towards the per* 
fe& knowledge of the caufc of the eledtric ftate of 
clouds, mills, and the like. For vapors, caryiqg off 
a larger portion of cleft ricity than when in die Quid 
jftate, muft conftantly : give out a part of the fame 

(319, d) when they arrive in the fupcrior aod colder 
regions of the air, where they becQipemore condenfedr 
and form clouds. Clouds and rain will therefore nam- 
rally have the pofitive eledricity, though a cloud, when ' 
Once formed, may, by its influence on neighbouring 
clouds, caufc them to become negative (294), by 
imparting not only their natural furplus, but even more 
to the earth. ■** 
9 A thunder- ft or m ufy ally . happens in calm weather 
A dark cloud is obferved to attraft others to it, by 
. which it. continually increafes in magnitude and ap- 
parent denfity. When the cloud is thus grown to a 
great fize, its lower furface fwells int. particular pares 
towards the ' earth, fometimes by ligbc flknfy clouds, 
and fometimes by an' inferior protuberance* -During, 
the time that the cloud is thus forming; flafhes oft 
lightning are feen to dart from one part o£ ii to rthet 
other, and -often to illuminate the whole mafc: and* 
fmall clouds arc obferved w moving ' rapidly, and: jn. 
very uncertain directions beneath it. . When tfoexkukb 
has acquired a fufikicnt extent, the lighmiog f ftrikwt6ier 
earth in two oppofite places.; the path of the lightning 
lying through the whole body of the cloud and its 
branches, 

That 
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That thunder-clouds frequently do nothing more a 
than conduA the ele&ric matter from one place 
to another, is not only probable, on account of the 
matter's (hiking in two places, but likewife from the 
confiderarion, that the emiffion of the flafh would dc- 
ftroy the ele&ric ftate of the clouds, if it were not im- 
mediately recruited from fome other part. But the 
cle&ric (late is not deftroyed after * fiafli, if we map. 
judge either from the ele&ric apparatus, or from the 
cloud itfelf ; for the firft appears- to be not lefs cle£fcri-« 
fi^d, and the latter is the next moment ready to make 
as great a difcharge as before. JJefides, if the two s 
£a(hes of lightning, which ftrike at different places, 
nearly at the fame time, were fimple, fimilar, and inde- 
pendent difcharges of the cloud, why fhould they re- , 
fe mblc each other ? arid yet they do* very much, a* 
appears by obferving a .thunder-ftorcn a$ a dittance* 
Then it is feen, that if oae part of the cloud give a 
(ingle fialh, the dther extremity will .give, oc rather 
receive, a fingle flalh a fcort time or the inftant afce** 
but if it give two, three, or four quick fuccelfive 
fliifbes, the other extremity will receive a like. number . 
a little, but very perceptible time after. The angular 
diftance between the places of thefe correfpondent flaflw* ' 
is frequently four or five points of the compafs. *'—» 
It is remarkable, that mod detached clouds, the 
angular heights of which are but fmall, and which cojv» 
fequently may be viewed in profile, arevarioufly arched 
at their vPF er farface, while their under furface, is ho- . 
rizontal. This appearance is particularly obferVablp 
in thunder-clouds, and alfo takes place in the fmoke of 

rtfin, 
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refin, or ftcam of water, ele&rificd by the common 
machine. 
K - Whatever may be the caufe that difturbs the equi- 

- Kbrium of the ele&ric matter in the atraofphere, it may 
cafily be conceived, that when fiich difturbance hap* 
pens in the tipper, and highly rarefied regions of the 
tir* the equilibrium will be reftored by dartings and 
de&ric corufcations through the vacuum, fimiJar to 
thofe exhibited in the vacuum of the air* pump. This 
confederation accounts for the aurora borealis, which 
has commonly a motion of darting or undulating be- 
tween two oppofite parts of the heavens. 

L In clear and calm weather, when • the ele&ricity is 
not very ftrong, it may pafs through the air without 
bringing any great quantity of vapours into its coqrfe ; 
and, according to the condu&ors h meets in the air, it 
will fomettmes be rendered vifible for fmail parts of its 
paffage, and occafion thofe appearances which we call 
fliooting-fiars. It is obfervable, that ihooting-ftars, fee* 
at any time, in general all dire& their courfe the fame 
wajr. 

M The balls of* fire, as well as the (hooting- ftars, occa- 
fionally feen in the air, feem to be mafles of ele£tricity> 
it fo great a diftance that their angular velocity is not 
fufficicnt to prevent the eye from decerning their (hape, 
It is probable that every elcftric fpark or flalh of light- 
ning confifts of one or more balls of fire, though their 

* Dr. Blagden has given a valuable ftatcment of fa€b ani 
dedudions refpeAiog meteors of this kind in the Phil. Traaf. 
vol.74. 
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«cfctreme velocity prcfents them to the eye under tlife 
{artri of a line Or lines ( u 259, o). 

The ignis fatuus, or Will-with-thc-wifjp, is a lumi- K 
nous meteor that fcldom appears more than fix feet 
above the ground. It is found chiefly about bogs, and 
is always in motion, varying both its figure and fmi- 
-ation ma very uncertain manner. In the plains in the . 
.territory of Bologna, they are frequently very large, and 
give a light equal to a torch; and there are fome 
places where a perfon may be almoft fure of feeing 

them every dark night. It has been conje&ured that 
-thtfe meteors confift of inflammable air, which has been 

kindled by ele&ricity. 

It was obferved of water-fpouts, that the conver- o 
gence of winds and their confequertt whirling motion, 
was a principal caufe in producing that efFe<5t (63, l) j 
but tljere are appearances which can hardly be folved 
by fuppofing this to be the only caufe* They often 
vanifli, and prefently appear again in the fame place : 
whitifh or yellowilh flames have fometimes been feen 
moving with prodigious fwiftnefs about them, and 
whirlwinds are obferved to eleftrify the apparatus very 
ftrongly. The time of their appearance is generally 
thofe months which are peculiarly fubjed to thunder- 
ftorrns, and they are commonly preceded, accompanied, 
or followed by lightning, the previous ftate of the air 
being alike in both cafes. And the long eftablifhed 
Cuftom, which the failors have, of prefenting (harp 
fwords to difperfe them, is no inconfiderable circum- 
* fiance in favour of the fuppofuion of their being elcftti- 
cal phenomena. Perhaps the afcending motion of the 

air, 
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air, by which the whirling is produced, may be A* 
current known to iffuc from electrified points, as the 
form of the protuberance in the fea is fomewhat point- 
ed -, and the ek&rified drop of water, heretofore men- 
tioned, may afford confiderable light in explaining this 
appearance* 

It is extremely probable, that earthquakes owe their' 
origin to the dHcbargc between a cloud and the earth, 
in a highly ele&ric ftate, or even between two clouds* 
They happen moft frequently in dry and hot countries, 
which are moft fubjeft to lightning and other ele&rical 
phenomena; and are even foretold by the ele&ric co- 
ruications and other appearances in the air, for fome 
days pfeceding the event. Earthquakes are attended 
by no fire, vapour, or fmell, which however could 
hardly fail to appear, if the common opinion, of their 
being becafioned by a fubferraneous expiation, were 
true* The effed of an explofion of this nature would 
be a gradual lifting of the earth, after which it would fall 
again, and, no doubt, deftroy or change the courfe of 
Jprings, and conGderably alter the face of the country : 
, the contrary to all which is true ; for, as far as obfer* 
vadon can determine, the (hock of an earthquake is in- 
ftantaneous to the greateft diftances, and feldofn does 
more mifchief than overthrowing buildings. Earth- 
quakes are ufaally accompanied by rain, and fometiroes 
by the moft dreadful thunder-ftorms. All thefc, and 
many more fircumftances, but especially thcalmoft io^ 
ftantaneous morion of the fhock, induce us to look for 
their caufe in cledtricity, the pnly power in nature that 

acknowledges 
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acknowledges no fenfible tranfition of time in its ope- 
rations. 

Dr. Prieftley, in bis Hiftory of Ele&ricity, has given ^ 
an abridgment of Dr. Stukely's obfervations and infer- 
ences on this fubjedt, and has himfelf (hewn, by experi- 
ment, that the ele&ric (hock caufes a vibration fimilar 
to that of an earthquake, when it paffes at or near the 
furfaces of bodies. 

Ittnay be here obfcrved, that the knowledge we have"* 
of the properties of electricity has been acquired, for the 
greater part, within the lad half century ; and that if 

difcoveries proceed as rapidly as they ha ve N begun, it 
may be hoped, that a fimilar period will afford a more 
perfect acquaintance with the influence of elcftricity 
not only on atmofpherical events, but likewife on mag- 
nctifm, vegetation, mufcular motion, and other appear- 
ances, in which it is more than probable, this great and 

a&ive power has a (hare. x 
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Concerning Galvanifm. 
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DISCOVERY OP GALVANISM : METHOD OF MAKING 
EXPERIMENTS : VOLTA'S PILE «* RESEMBLAKCfi 
BETWEEN GALVANISM AND ELECTEICITY. 

i 

a* 

i 

The influence generally called galvanifm was acci- 
dentally discovered by Mr. Galvani, profeflbr of 
anatomy at Bologna, about twelve or fourteen years 
ago, when engaged in a fet of experiments, the objeft 
of which was to demonftrate the dependence of mufcu- 
lar motion on ele&ricity. In the courie of his invefti- 
gation he had met with feveral new and (hiking ap» 
pcarances, which were certainly ele&rical; and one 
day, being employed in differing a frog in a room 
where fome of his friends were amufing themfelves with 
elcftrical experiments, one of them having happened to 
draw a fpark from the eondudtor at the fame time that 
the knife touched one of the nerves of the animal, the 

-whole body of the frog was agitated by a violent con* 

vulfioq. 
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VoWioo. To affure himfctf that this waioot the effcA. 
eC mechanic*! irritation* he pricked the nenrc with die 
point of the knife, but no movement enfued. He 
found too, that if he hdd the knife by its ivory handle 
while the fpark was taken, the blade being in cont»& , 
with the nerve, no eonvulfion was excited $ but that the 
effedt was uniformly produced, if he tiled an inftru- 

ment entirely of metal. 

From other phenomena that occurred, the jfrofefibr c 
was led to lay bare a portion of * largo nerve leading 
to one of the limbs, and place the end of the bare nerve 
fartheft from the limb on a bit of zinc. He then 
touched the limb with one end of a bent probe, white 
the other was in contadbwith the 2inc, aud thus he 
occafioned ftrong convulfive movements 1 in thelimb* 
If he touched either the bare nerve or the mufcle, with 
the fiiver, while the zinc was in contaft with the nef vet 
no motion enfued, unlefs the two metals were made to 
(touch each other. 

If a frog be divided into two portions through the d 
middle by a pair of fciffars, the upper part and vifecra 
removed, the lower extremities ikinned, and the infe- 
rior part of the {pine alio cut away, leaving only ft 
portion attached to the fciatic nerves, which rife very 
high up, it will be in a very proper ftate for galvanic 
experiments. When thus prepared, the remaining por- 
tion of the fpine and upper part of the fciatic nerves 
may be placed on a plate of zinc, Z. fig. 181, and the 
feet on a piece of filver, S > if then a communication 
be made between the two metals by a metallic* con- . 
dmftor, C, the mufclesof the frog, F, will be convulfcd. 

Voi» II, Z On 



33* '-. ANIMAL ARC. 

i 
\ 

i On fomc occafions it may be morfc cotwcnieftt, to Wat 
the ncrre with a bit of tin foil, and the tnufcle with a 
bit*of filver: but it is requifue* that two different me- 
tals be employed ; and it is believed that their power. 

r of a&ing is in the following order, zinc, tin, lead, in 
conjon&ion with gold, filver, molybdena, (led, copper. 

% On this point however authors are not agreed. 

g Thus the procefs by which thefe lingular phenomena 
are produced confifts in effecting, by the ufe of the excit- 

- ingapparatus, a mutual comttwnicatioo between any two 
points of conta6l> more or lefs diftant. from each other, 
in a. fyftem . of nervous and mufcular organs. The 
fphere of this mutual communication may be regarded' 
as a complete circle, divided into two parts. That 

M part of it which confifts of the organs of the animal un- 
der the experiment has been called the animal arc ; that : 

which is formed by the metals, or galvanic apparatus, 
Ac excitatory arc. n 

m It has been aflerted, that the animal arc may confift 
either of nerves and mufcles together, or of nerves alone 
without mufcles ; for the contra&ioh of the mufclc has 
been excited, if the galvanic apparatus have been made 
to communicate with two diftant parts of the nerve 
only, without touching the mufclc. But in this cafe 
the nerve appears to have afted as a condu&or only by 
means of its moifture, for if it be wiped quite dry the 
experiment will not fucceed, though it will even, in this 

' ftate when a communication is made with the mufcle 
dire&Jy. 

i It is not neceflary, that the parts of the animal arc 
£hould be continuous j their contiguity is fufficienu 

Neither 
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Neither does any difference of its parts prevent its ac- 
jion j: for though it be coaipofed of different parte of 
the. feme animal, or of different animals, provided 
iktife parts bein conta& they arc capable of conveying 
the galvanic influence. And even if the animal arc be 
interrupted, provided a communication be eftablilhcd 
between its parts by means of fome conducing fub- 
fiance, the galvanic influence will ftill a&. 

The mufcular organs, that indicate by contra&ions K 
the prefencc of the galvanic influence, are always thofe in 
which the nerves of a complete animal arc have their ter- 
mination* When all the nerves of the animal arc origi- 
nate toward one of its extremities, only thofe rtiufclcs 
which cor refpond withthe oppofite extremity are fufcep- 
tible of the galvanic irritation. But when an animal arc 
-' confifts of more than one fyftem of different nerves, all 
of wliich have their origin^about the middle of the arc, 
the tnufcles of thefe feveral fyftems of nerves will be 
moved alike at both the extremities of the arc. 
. The excitatory arc is ufually formed of three differ- l 
ent pieces at lead, made of different metals. Of thefe 
three pietes one mud be in conta& with the njerve, one 
with the mufcle, and the third mud form the communi- 
cation between the two. This in general will be found 
the moft convenient mode, but the third piece is not ab- 
lblutety nedeflary ; for the effect will take place, if the 
firft and fecond pieces be brought diredtly into contaft, J 
without the intervention of the third. 

The excitatory arc poffeflcs the greateft power, when m 
. it is compofed of at leaft three diftinft pieces, each of 
. a peculiar nature ; the metals, water, or humid fub- 
fiances, faline folutibns, carbonaceous matters, and ani- 
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final fobftances ftrippcd of the epidermis, being tKfe oftfy 
materials out of which theft pieces may be fenhed. A 
fingle metal has been found capable of ading as aft exri* 
tatory arc, but in fuch cafes its perfect homogeneity^ 
been quefttoncd; for the flighted alteration of a metal 
by alloy, or even by fridion with fomc other fubftancc, 
is faid to be fufEcicnt to render it a&ive, though pre- 
vioufly inert. Even charcoal alone may be rcntkfrtd 
active by friftidn. ..-■ '■ 

w The effe&s of galvantfm upon fome of the organs of 
fenfe are very ftriking; If two pieces of different tafe* 
tals be placed one uhder the tongue, and the 6thei 
upon it, on bringing the two metals, into £onea& k *|Jfr- 

culiar fenfation or tafte will be excited in the tongue. 
With fome of the metals this is : fcarcely perceptible; 
but with zinc and gold, zinc and filver, or zinc and 
molybdena, it is very ftrong and difagreeable. The 
fenfation is ftrongeft when the zinc is placed upon the 
tongue; and it is moft 'diftintt whsn the tongue is of 
the common tfcrtiperature, and die metals of the lime 
temperature with the tongue * the cffeS being much 
kflened by any confiderabfc increafe or diminution of 
heat in either. The metals fhould reiftain a little time in 
<tonta& with the tongtie, before they are made to taueft 
cafch other, that the tafte of the metals may not be 
confdurided with the fenfation produced. 

q If a bar of zinc and one of filver be applied to the 
roof of the mouth as far back as poffible, the irritations 
produced by bringing their outer extremities into con- 
tact are very ftrong, and that occafioned by the zinc 

* rcfembles tafte. Vqlfa found, that if a tin cup,' filled 

with 
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with' fin afcaline liquor, be held In one or both hands 
previoGfly wetted wlthwat**, and the tip of the tongue 
be dipped In the Kqfctfri an acid tafte is perceived. 
He Mkewife found* that if a cup of tifa or zinc filled 
with water were placed on a filver fiand, and the tongtM 
applied to the water, it was perfe&iy infipid, till he laid 
hold of v die filver (land wich one of ' his hands well 
wetted, when he perceived a diftinft and ftrong acid 
tafte. 

If one of the metals be applied to the tongue, and <* 
the other to the ball of the • eye, a pale luminous flafll 
is perceived when they are brought into contaft with 
$a$h other, and the fenfation referabluig tafte is at the 
fame time produced in the tongue* A flafh is in like 
manner produced when one of the metals is applied to 
the eye, and the other to any part of the palate* fauces;, 
or infide of the cheek. This experiment requires at- 
tention ; care ronft be taketi not to prefs the metal 
againft the eyeball ; it fhould be cautioufly introduced 
between the eyelfds, tillit touches any part of the ball ; 
it fhould be fuffered to remain there a little time, td 

uccuftom the parts- t* it, before the eontaA is made; 

and it ftiould be finely policed, to pt«vent any mo- 

Chankal irritation. 

If a piece of owe 0f the metals be placed between r 

the gum and tipper lip, as high up sis poffible, and 

another in a fimilar manner between the gum arid tower 

lip, * vivid flafli of light is perceived at the inftant of 

bringing them into contaft, and another on their fepa- 

radon. c,:>z r i: • . v. 

Bat the 1 mo ft powerful eflfe&s have been produced a 

by tfce joinc aftion of ftveral pairs of different metafc; 

v l : Z3 Fo* 



342 volta's galvanic piii/ : 

For this purpofe any number of plates of clopperorrfcl- 
ver, and an equal number of tin, or which is better, of 
zin£, are to be provided. Silver or copper corns will 
anfwer the purpofe. A number of pieces of pafte- 
board, leather, cloth, or any fubftstnee capable of re- 
taining moifturc, mult likewifc > be ready ; and thefe 
muft be wetted cither with Gmple water, or fome fa- 
line folution. . Of thefe a pile is to be formed, placing 
firft a plate of filver, then a plate of zinc, next a piece 
of wet pafteboard, and fo on alternately, finishing the 
pile with a plate of zinc. It will be convenient to have 
a frame of a proper fiae, refembling the frame of an 
hour glafe, to fteady the pile, as reprefentcd fig. 176, 
where a is the top of the frame, b the bottom, ceo 
three uprights of varnifhed wood or of glafs, fc the 
pile, f being the filver end, o the zinc. This is com- 
monly called Volta's pile, from the inventor. 

A pile thus made, as long as the interpofed difks 
retain any moifture, appears to be a continued and incx- 
hauftibk fource of galvanifm, which permeates every 
conductor brought into qontaft with its two extremi- 
ties. Thus if a perfon touch the top of the pile with 
one of his hapds, and the bottom with the other, both 
hands being previoufly wetted, he will receive a fmart 
fhock, proportionate to the magnitude of >che pile. 

With twenty pieces the (hock is felt in the arms* witfe 
a hundred in the (boulders. 

. A more convenient, mode of forming a galvanic 
btftery was. invented by Mr. Cruickfhahk. This con-* 
fids of a trough of hard baked mahogany about thirty 
inches Jong, in the fides atod bottom of which fifty 
grpoyesare cut at equal diftances., . Into theft <*r* c*n 

mented 
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mented the metallic plates, each of which confifts of a 
plate of zinc and another of copper, of fuch a fize as to 
fit the trough, foldcred together with foft folder at the 
edges, the folder reaching about a quarter of an inch 
in. All thefe plates muft be placed in the fame order, 
lb that the copper fide of one muft face the zinc fide of 
another throughout, When thefe s are fo cemented in 
as to prevent any fluid from palling out of one cell into 
another, nothing more is requifite, than to pour in fome 
fluid, and the battery is ready for ufe. It has been 
found, that thofe fluids produce the moft powerful 
cffe&s, the chemical a&ion of which on the zinc is 
greatefti One part of nitric acid with twenty of water 
forms a very attive mixture; but it is expenfive, and 
evolves nitrous gas, which is injurious to the lungs. 
Sulphuric acid with water difengages fuch quantities of 
hidrogen gas as to be very troublefome, and Jbmctimes 
loofens the cement. Muriatic acid, in the proportion 
of an ounce to about & pint of water, is preferable to 
either. Every time the trough is ufed, it fhould be 
well rinfed with clean water before it is put away, and 
the acid liquor may be preferved to ufe again fevcral 
times. 

If a greater power than that of one trough be re* w 
quired, two or more may be conneltcd together by a 
metallic condu&or palling from one to the other. A 
flip of copper fheeting, about half the width of the 
trough, anfwers this purpofc very well. 

With the galvanic battery thui conftruded, either .in x 
the form of the pile or the trough, the ufual eSedts 06 
the ete&ric fluid may be obtained. Not only may tb4 

Z4 fliock 
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544 WATER DECOMPOSED & MBTALS DEFLAGRATED. 

fhock be given* (34*>?) but metals deflagrated, and 
water decoropofed. If the commutation between 
the two ends of the apparatus be made by tw* 
copper wires, the oppoftte extremities of which termi- 
nate in a fmall tube filled with water, forming the 
centre of the conductor, hidrogen will be produced in 
the water at the point of the wire that communicate*, 
with the filver end of the pile, and the point of the 
wire that communicates with the zinc end will be ox- 
ided. If wires of platina be ufed* hidrogen will be 
evolved as before at the wire communicating with the 
filvcr, and oxigen at the other wire. In theie experi- 

' xnents the cle&ric fpark is diftindly vifiblc. 

Mr. Davy found, that, if the wires terminated & two 
feparate glafles of water, and heeftabliflbeda communi- 
cation between the two glaflea with his fingers, the 
gafies were evolved as before, hidrogen from the one 
portion of water, and oxigen from the other.. Ho 
likewife fbund^ that if the ends of the pile were rhade 
to communicate with two glafles of water by means of 
mufcular fibre, and the glafles were connected by a 
filver wire, the cffe£s of the pile were reverfed, hidro- 
gen being difengaged in the glafs communicating with 
the aide end, and the we ki the glafs communicating 
with the filver end being oxided. * 

k . If a piece of gold or filver leaf, or tin foil* be fixed 
to one end of the wire of communication, the other 
end being in contaft .witfr the filver en$) of the pile, 
the kaf will deflagrate iis foon as it is, brought into 
Conmft with die zinc. Findy drawn wires may be 
tarnedifl «h« feme way. 

;! ...' " It 
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It J4 obfervable, that a few pairs of large plates * 
operate more powerfully in deflagrating metals, than 
(he fafat extent of furface forming a .higher and pro- 
portionally more fiender pile, while the latter give* 
the ftroogcr fhbek. 

The pile is likewife capable of charging a jar, or a e 
battery, and fometimes by momentary contaft j and 
the battery witi then give a fliock precifely as if 
charged to the fame degree by an deftrical machine ; 
but the pile will not increafc the charge of a battery 
by repeated conta&s, as the ek&rical machine does by 
repeated revolutions. 

To* excite the galvanic influence, however, it is not o 
abfolutcly neceflary, thai two metals he employed. 
For example a pile may be formed of a plate of metal* 
cloth (baked in dilute nitrous acid, doth foaked in 
water, cloth foaked in a folution of fulphuret of potaih, 
then a plate of the fame metal followed by cloths 
fimilarly wetted and in the fame order, and fa on al- 
ternately. In this way filver, copper, zinc, and lead, 
have been feparatdy anc? fiiccefsfully tried. ; If a trough 
be ufed, the feparation between the acid and fulphuret 

may be made by a plate of horn, and the two fluids 
may be conne&ed by a flip of wetted paper hung over 
the edge of the horn, which wilt not caufe the fluids &o 
mix, beeaufe water is lighter than either. 

Another experiment of Mr. Davy's (hows the dircft e 
efficacy of the fluid in this apparatus, as in it the fame 
galvanic power is made to move either from the top 
or bottom of a pile of two metals, according to the 
nature of the interppfe^ fluid. If a pile of copper and 
;. .' f t - ( . . iron 
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iron be conftru&ed as ufual, with water interpofed, the 
iron will be in the pofitive ftate, the copper in the ne- 
gative : on the contrary, if a folution of fuiphuret of 
potalh be ufed inftead of water, the iron will be nega- 
tive, the copper pofitive. In the former cafe the iron 

. 16 oxided, in the latter the copper. 

t Farther, with two different fluids and well burned 
charcoal a pile may be conftru&ed, without any metal. 
If two glafles, one containing water, or folution of fui- 
phuret of potato, the other nitric or fulphuric acid, be 
connected by a piece of charcoal of a proper fbape to 
dip into the two fluids, or by two long thin flips of 
charcoal tied together with (ilk fo as to form an angle, 
a galvanic combination will be formed ; as will be 
found ,by its agency on the limbs of frogs, or its 
effefts on the organs of fenfe, when the circle is com* 
pleted. 

o A battery may be conftru&cd of a number of ferics 
of this kind, by connecting the fluids alternately with 
charcoal and with moiftened cloth ; and if denfe char- 
coal, fuch as that of box or lignum vitas, concentrated 
nitric acid, and a folution of ..fuiphuret of potafh be 
employed, its power appears to be fuperior to that of 
copper with the fame fluid elements, and nearly equal 
to that of a pile of zinc, filver, and water, 

h Galvanifm likewife develops itfelf in a powerful 

* manner, independently of metals, by means of the 
human animal machine. If you hold in your hand 
moiftened with fait water, the mufcles of a prepared 
frog, and apply the crural nerves to the tip of your 
tongue, you will immediately fee violent contractions 

produced 
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produced in the frog: and all fufpicion of any ftimu-' 
lant exerting an ^Ctioi* in this cafe may be removed by 
repeating the experiment with the frog held in the dry 
hand, as the mufcular contractions will then ceafe, un- 

kfe the aCtion of galvanifm in the frog or in the animal 
machine^ be uncommonly powerful. 

Mufcular contractions can be excited without efta- 1 
blifhiqg a continued arc from the nerves to the mufcles. 
The legs of a prepared frog being held in the hand, 
and the fpinal marrow brought near to the biceps 
mufcle of a criminal recently executed, the mufcle hav- 
ing firft been laid bare, contractions were produced in 
it ; but no contractions took place when the operator 
was infulated. In' this experiment, if any* other body 
be made to touch the frog, it will remain motkmlefs. 

Neither is any intermediate body ncceffary, as gal- K 
vanifm may be excited in the animal machine merely 
by the application of the nerves to the mufcles. Let 
the lower extremities of a prepared frog, the whole 
being previoufly wetted with a folution of common 
fait, be fufpended Jby a glafs rod, h, fig, 183^ palfing 
between the nerves r, and under the part of the ipinc, 
s f With another glafs rod, m, raife the leg, t, till the 
inufcles are brought into conraCt with the nerves at « f 
when convulfions will take place. Or let m k, fig. 1 8 r, 
reprefent a glafs rod 5 4 and b two prepared frogs, the 
feet of b being fecured to the fpine c of the frog a* 
When the fciatic nerves u, iffuing from the fpine of B t 
'are raited by a glafs rod fb as to touch' the mufcles of 
; he upper frog at a, contractions are produced i$ each 
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<£ the animals, they having fc$* {*«*«*% moiftei** 
m^i a ftfoog brine as in the :/o#*rt Cafin 

t The application of gdvantfro to wawn blooded ani- 
mal; (347,i)cxhibits a ftiH nweAriking (jpe&^cje. CuK 
qjfthe head of an ox recently killed, rooiftcn one of the 
ears by injedting intp it a folutipn of fal^copned this 
with one end of the pile by means of a wire introduced 
into it, and touch the iofide of one of the noftrils with 
a wire that communicates with the other end of the 
pie; the eyes will open, the e*rs (hake, the tongue 
i&ove, and the noftrils fwelti as in the living animal 
^hen irritated. 

m If the arc be eftabliihed between the two ears, or 
between one of them and the fpinal marrow, or the 
tongue, ftrong movements are excited - 

» Thcfc experiments may be varied in a great num- 
ber of ways, by taking thfc Head of a dbg, horfe, rabbit, 
ctoieken, or other animaf 5 two heads, placed fo that 
the parts where they were feparated from the trunk 
aire in contact 5 a head and trunk of the fame animal, or 
ef animals of -different ipecies, twelve inches or more 
• diftaiit, the table that fupports them being wet with a 
fetation of fait; or the headlefs trunk of an animal. 
Of ail the heads hitherto tried, that of the horfc exhibited 
the meft viblent motion. 

o It is to be obferved, that the mufcles are atfe&ed 
by the aftioh of the pile in a touch more powerful 
manner when they are laid entirely bare, and when the 
arc is made to penetrate toa cpoflderaye <fcpth i thej, 
fqbftance. The convulfions arc increafed . likewife in 

proportion 
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proportion to the number of points of contact between 
the arc and the cnufcle. The brain itfelf is capable of 
being agitated by the galvanic influence; but of all 
the tnufcular parts the heart appears to be leaft fufc?p* 
tible of it. 
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Acids, 233—255. 257 

Acid) acetic, 246. 

acetous, 246* 

arfenic, 199. 244. 

arfenious, 199. 244* 

benzoic, 251* 

boracic, 242. 

camphoric, 2$%* 

citric, 250. 

chromic, 245. 

columbic, 245. 
*j?u$ric, 241. 

£*///V, 248 — 250. 

Za/3fc, 253. 

ma/ir, 248* 

molybdic, 245* 
- mucous, 252. 

* muriatic, 340. 

— ■ ^*> 0#i 
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240. 



m/rzf, 24p. 

nitro-muriatic, 24 1. 

nitrous, 240. 

oxalic, 247* . 

phofphoreous, 154. 243 

phofphoric, 154. 243. 
.j»r«$r, 252. 

"febacic, 254- 
•Jitberic, 254. 
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^-Jjulphureous, 153. 239. 

fuiphuric, 153, 233—239. . 

■ ■■ * ■ tartareous, 246, 

Affinity, chemical, 137 & fctj. 4oublc, 144. 
Aggregation, 1 39. 

^/>, dtmofpberical, 29. 230. its fpecific gravity, 30. prcffnrc, 
31*106— 108. refractive power, 49.109. fpring, 53. 
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102, icQf the medium of (bend, J Co. ntccflary to life, 
no. apparatus for experiments with, 223-— 228, me* 
thod of depriving of its water, 235. is an ele&ric, 291. 
charged with electric matter, 3b$. 

Air baUoon f qx-r-l^Q. . , 

Air, fixed: : 9ac gas, carbonic acid? - ' a 

Air-gun, 81. 1 

Air pump, 100— ill. 

uXfr*. See jw. 

Alabafier, 236. . - r. * 

Alcalies, 219. v L \ 

Alcali, mineral or marine. See &dfo. 

« , vegetable. See Pot-afb. 

*——-, volatile. See Ammonia. 

Alemfyc, i$o. '**' ' ^ ; 

j#//*y, 162. of coins, 166. 173. .J- ■ ^ - 

^/«m, 216. 237. 

Amalgams , 176. for eledric purpofes, i?r. 

Ammonia* 231. 25 <. muriate of ', 144.. liquid, t/LL. I4C. 

^MifiMr, /a/. . &c amm^C «£«» |r. ; ■**- " 

Animals , wny they are equally hot in all climates, i^4*_ 

Antimony, 201—203. " • " 

Aauaregia, 241. 

Areometer. See Hydrometer. 

Argillaceous earth. See Earth, argillaceous. 

Armour of a loadfione, 266. 

Arjinic, 158. 198, 109. 244. 

Ajjayofores, 158. of gold by cupellation, 1 63, 164. 

Atmojphere, 28 & feq. its height, 30. 34, 50. 

Attradion, chemical, 1 37 & feq. 

Aurora borealis, 323. 332. 

Aurummufivum, 196. 

B 

Balloon. See ^fir Balloon. 

Balls of fire, 332. 

Barometer, 32. 72. its application to mtafure ri t v at i oqfr 
35 — 48- its rife or fall from mere change of temperately 
40. from the varying prcffure of the air, 72. marine, 73* 

Barytes, 214. 

Battery, eleclricaL, 305, 

BelUmetal, 184. 

Stwioin, 2§i. 

JMackjixit MU 

Mifmut\ 
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Bifmuth, 197. 198. 

Black wad, 205. 

Blow-pipe, 134 — 136, 

Boiling point> 76. 125^ 126. 

Boles, 21 J, 

Borax, 242. 243. 

Brafs, 183. 

Bread, 258. 

Breezes, land andfea, 58. 59. their caufe, $j> 

C 

Calcareous earth. See Earth, calcareous. 

Calomel, 175. 17*6. 

Carbon, 15 1; 152. gazeous oxid of, 151. 152. 232. 

Carbonic acid gas* oee Gas, 

Card of the mariner's compafs, 261. 

Cafe-hardening, 190. 

Cajfius, purple pbwder of, 166. 

Ca/i iron, 188. 1 90. 

Cawk, 2/4. 

Cerufe, 179. 

Chalcolite, 210. 

Charcoal, 152. 

Charge, e'kclric, 298 & feq. 

Chemical vcjjils, 1 29 & feq. 

Chrome, '2i 1, 2X2. 

Cinnabar, 172. 

C/ay. See Earth, argillaceous. 

Cobalt, 199, 2O0. 

Coins, gold, 166. diver, 172. 

Colcothar, 274. 

£W, various means of producing, 12?, 123* 

Cold-Jbort iron, 1 9 *. 

Colours on heated Copper > 180. o» if 08 ox ftftel, 1 86. Jj$9» 

Cohmbium, 21%. 

Gojnkujiihle bodies % 146. 150. 

Combu/lion, 1:4, 125. J32. 148— j£°* 

Compafs^ mariner's, 3.6, 261. variation of, 269. 

Coadenjer of e/eflrictiyi r 31 1. 

Conduftor of eiefiricityt 274. for buildings,, 323—328* 

Copper, 180—186, 

Copperas x See Vitriol. 

CtoTofiv* jubliHu&j. 175. *J& 

Crucibles, 129. 

Vol* II. A 2 Cucurbit, 
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Cutitrbit, 199. 
Cupel, 130. 
Cupellation, 163, 164. 
Cylinder, eleclrical, 277. 
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Deflagrating di/h, 228. 

Deflagrating receiver, 227. 

Dcnfities, comparative. See Specific gravities* 

Derby/hire fpar, 241. 

Detonating tube, 225. 

Diamond, 150. 

Dipping-needle, 263. 

Dtjpofing affinity, 141. 

Dtjtances, determined by the velocity of found, 66, 

Dtflillation, 130. 

D'tvellent affinities, 141. 

Diving-bell, 92, * 

Drying oil, 180. 

lurrf£, its ftrudure, 156. 

Earths, 147. 212. 

Earth, argillaceous, 2 1 6. 

Earth, calcareous, 213. 

Earth, glucinian, 2 1 8. 

Earth, magnefian, 215* 

Earth, ponderous, 214. 

Earth, Jiliceous, 217. 

Earth, Jlrontian, 215. 

Earthy yttrian, 2 1 9. 

Earth, zirconian, % 1 8. 

Earthquakes, 323. 334, 

lirA*, 66. 

Eleclric, or non- conduQor, 274. 1 

Eledricity, 48. pbtained by rubbing a tube of glafs, ^273. 
its; habitudes tfith bodies, 273 — 276. whether it be 
matter, 276. obtained by a machine, 277— 280. excita- 
tion of, 281. pofitive and negative, 284 — 287. attrac- 
tion and repulfion; '287. affected by points, 287, 288. 
wind caufed by it, 288; fparks crooked, 291. through 
a vacuum, 292. 308. with water and from low 
points, 293, 294. the two ele&ricities diftinguifhed by an 
inftrument, 293. produced without communication, 
294, charge of, 298. tf /£?• (hock from, 302. con- 
denfed by jars, 303 &feq. affe&s the thermometer, and 
gives polarity to needles, 307*condenfed, 3x1. inilruments 
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to meafure its intensity , 3147-318. obtained without evi- 
dent fri&ion, 319—^-321. of mhes, 322. medical, 322. 
atmofpherica), 323 — 335. 

Eleclrometers, 314 — 318. 

Eleflropharus, 300 — 30a. 

Eliquation s 180, 181. 

Emerald of Peru, 2 I 1 . 

Enamel, 194. 

Epfomfalt, 144. 216. 237* 

May. SecJffay. ' - 

Eudiometer, 22 5. 

Evaporation. 123. 

Excitation of eledricity, 273. 281—284. 

F 

Fermentation, 255. faccharine,255. vinous, ^56. acetous, 

257. panary, 258. putrefa&ive, 258. 
Fire engine, 80. 

Fire, produced by fri&ion, 125. 
Fi/h eleclric, 322 , 
Fixed air. See Gas, carbonic acid. 
Flint. See Earth, Jilueous. 
Floating bodies, $ — 10. motion of, 22— 27. 
Flowers, chemical, 13 1. 
Fluid, defined, 1 . preflure of, 3 & feq. motion of, 1 9-^22. 

refiftance of, 7a. 
Fluidity, its caufe, I. 1 18. 
Fluor, 241. its acid. See Acid Fluoric. 
Fountains, 21. 81—83. 
Franklin, Dr. 323. 

Freezing mixture, its a&ion explained, 123. 
Freezing point, 75. 127. See Thermometer. * 
Frog 9 prepared for galvanic experiments, 337; 
Fuller 9 s Earth, 2 17. 

Fulminating gold, i6$.Jilver f 169. mercury, 174. 
Funnel, hydroftatic, 131. 
Furnaces, 131 & feq. 
Fufibility of metals, altered by mixture, 161, 

G 

^ a Z e f or the air-pump, 104—106. 

Galena, 240. ^ 

Galvanifm, its difcovery, 3*. how excited, 3^7. 345. fen- 

fation of tafte produced by, 340. flafli of light, 34 1. 

pifci 342. flxock, ib. battery, ib. its refemblance to eleo' 

A a 2 tricitv, 
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i££s45- experiments on the A 346. 
Ga/«, 223-233. apparatus for, *2 3 -*2S. 
G<?f, flzoftVj 229/ 
G<w, ^rfcowV a«rf. 1 52. *3*- 2 5^ 
Gaj, hidrogen, 190. 231- 

G«J, hidrogen, carbonated, 232. ■ x 

G<m, «^«, phofphoraied, 233. 
G<w, Ai*^«f, fulphurated, 232. 
Gas, amomacal, 231* 
Gat, muriatic acid, 24P. 
G<w, muriatic, oxigenated, 201. 
G<w, nitrogen, 229. 
G<m, Jii*rMtf, 230. 

G<m, **/£**, 22 9* 
Gas-holder, 226, 

G^T^i^. 22,. marble, i68.Wvent of, 24^ 

Glafsoflead,!^. 

Glauber's fait, 144 236. - 

Gold, 163—166. 181. /**/, 100. 

Granulation, 161. - 

Gravity, Specific. Sec Specific Gravity. 

H 

v Halley'sbypotbeJuconcwmngtbevamtitHa/tbtnmfafs, HJ9. 

Hardnefs, its caufe, 139. 

Sn&afi. capacitiesof bodies for, 116. latent, ,A 
method of making experiments ^J a %^ n !g ?• 
imputing it to vibrations, 121 methods of applying it. 
127. (taking analogy with cieSncity, 320, 321. 
• Heights, mode of meafuring by the barometer, 35—48. ad- 
vantages of this method, 46. »ts difadvantages, 48, 

Hot-jhort iron, 191- 

Hyclrometer, 13=— * 16. 

Hydrojlatical inftrument, 15. 

Hydroftatical paradox, 6. 

Hydroftatics, 3. 

I 

Jar, */<?tfr/V, 303. ^ A 

Ignis fatuus,$$3. 

Ignition, 125. , 

j^maotfe, 146. .148-*". j^tawiW 
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Jqfcvlmti&Qt iron with falpbw, 192, tq$* of nitrate of 
copper with tin, 182. 195. of zinc in oxigenated mu- 
riatic gas, 20 1, of black wad with oil, 205, of phoipho- 
rated hidrogcn gas in atmofpheric air, 233. of various 
fubftances by electricity* 306. by gaivanifnoi, 344, . 

Ink, 19a. 

Iron, 186—193. 

* K 

Kite, tkftritah 33,8. 



l^pis inftrnofis, 168, 

Latent beat, what, 1 18. 

Lava, 157. 

Lead, ij6. 

Leaf gold and Jilver, their thicknefs, 160, i6r. 

Life, air necefiary to, no. 

Light, 150. galvanic flaflr of, 341, 

Lightning, 323 & feq. 329— 331. 

Lime, 213. water, 213. 

Litharge, 178. 

Loadjlone, 266. 

Logarithms, 37. 

Longitude, 2 j I. * 

Luna cornea, 168^ 

. u 

Jfothines, ele/truvl, 277*^280. 

Magnsfia. .See Ikrtfc mmgnejjtn* 

MagneUJm, 260. v 

Manganefe, 203— $06. 

Marble*, 214. 

Marine acid. See ^rrV, muriatic* 

Mariners compafs, 56, 261. 

Marie, 214. 

^^w/^78* 

Matrix Wmes, !*$> 

Mattras^^y. 

Melody, 69. 

Menacbamte, %\i% 

Menfiruum, 143. 

Mercurius dulcir, 175, 176, 

Mercury or juickfilver, xvj. 172* 

A*3 Afaajfi 
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Metallic fubftances, 146. 156. 160. deflagrated by g*lvan;{m> 

, 34+ . 

Mica> green, 210. 

Milk, 253. ' ' * 

Mineralizers, 157, 158. ■ 

Mines, 157. 

Minium, 178. 

Mixture, 143. • 

Molybdena^ 209. 

Mongolfiers, invented the air-balloon, 97, 98. 

Moonfoons* 57 — ^59* tnc * r caufe, 61 — 63. 

Motion, the caufe of all changes in bodies, 112. . . 

Mountains, their height jneafured by the barometer, 35—48. 

their ftrudture, 156. 

Mundic 2 V 33« 

Muriate of Mercury, 175, 176. 

Mufic, 67T-71. 

- * 

Nairne's electrical machine, 279. 

Needle, magnetic, 261. dipping, 263. • 

Nickel, 198. 

Nitrate of Mercury, 174. •* 

Nitrous acid. See vfttV, nitrous. • * ■* 

Nitrogen, 229. gafeous oxid of \ 230. 

o 

0/7, drying, 180. 

0r«, 157. affayedand fmeked, 158* 159. of gold*.! 6<^ of 
filver, 168. of mercury, 172. of lead, 177. of copper, 
181. of iron, 187. of tin, 194. tv 

Oxids, metallic, 162. 

Oxigen, 158. - 

P 

• • • 

Parleys lens, 214. # 

Parting of gold and other metals, 164. 

Pcarl-fpar, 214. Jft 

Pewter, 197, 198. ' ^ 

Phofphate of lead, 177. 

Phofphorets, 155. . 

Phofphorus, 154. 

Plafter of Paris, 2 3 7 • 

P latino, 166. . 
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Plumbum corneum, 178. 

Pneumatic trough, 223. mercurial, 224. 

Polarity, 261. 307. 328. 

Poles, magnethaly 262. 

Ponderous earth. See Earth, ponderous* 

Potafb, 2 i 9, 220. 221. 

Potters' ore, 177. 

Precipitate per fe, 1 72. 

Precipitation, 143. 1 63. 

Principles, chemical, 146. 

Printers' types, 198, 203, 

Pruffian blue, 191, 192. 

Pfeudogal&na, f.Q\. 

Pump, 79. 

Putrefaclion, 258. 

Pynto, 233. 234. 

Pyrometer, 217. 

CI 

>uick/ilver. See Mercury, 
^uiejtent affinities, 141. 



Radical vinegar, lit. 

Red lead, 178. 

Refraclive porter of the air, 49; renders the obfervations of 

low altitudes uncertain, 50. 
Regulus s of arfenic, 199. of antimony, 201, tffmanganefe, 

203. of wolfram, 206. of molybdena, 209. *". >v ?• 
Re/ijlance and retardation of motions performed in J^dds^ '%% 

&feq. t , ; 

Refpiration, 1 23. 

Retorts, 130, > 

Romain, Monf. 99. 
Rozier, Pilatre de, 99. 

Rubber of the eleclric machine, 281. ' 

Ruby, fpinel, 211. ' • ' 



Sal-ammoniac. See Ammonia, muriate of 

Salts, 149. x 

5a//, common, 143. 

Salt, fedat'we, or acid of lorax, 24*. 

Salt of tartar, 219. 

Saturation, 
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saturation, 142* 

Sea, method of detcrmiftutg te dcptfe, 8g~- £2* 

Sealing-wax, ele&riiied; 293. 
Sedative Salt, 242. 
Selenite, 236. 

^ftr/ 9 26. See Floating bodies. 
Shock, eUclric, 302 & feq. 
Shooting ftars, 332. 
Siliceous earth. See earth Jtliceous* 
Silver, 167. Zftif, 16 1. 
Simple fubftances, 146. 
Smalt, 200. 

Smelting, 158. 187. 194. 
Smoke, why it afcends, 55. 
&wp, 22 1 . 

£oi£?, 220, 221. fulpbate of, 144* 
Solders, 198. 201. f lumbers, 180. 
&/;</ £*<£/;, immerhon of, io fluids, 8. 
• Solution, 143. 
&*/, 131. 
&w/ri/, 65 — 71. air fhown to be the medium c£ if <fc . 

Spanijh white, 197, 198. 

fyzr, calcareous, and ponderous, 214. Derby (hire, orphafpho- 

refcent, 241. 
Speaking-trumpet, 67. 

%4fc<J^''**> 4- U«~i8- <J*JM* follow *he dptf&tt of 
the particles, 139. 

, tpteUmtrntaU *%s* *&&- 

Spelter, 2CI. < 
; <$pirit jfj&t* te Jcidy mwifitic* \ 

Springs, intermitting, 78. 

Starr, Jhooting, 232. 

Sto/, 152. 188. 190, 

Steam, 83. 

Steam-engine, 83—89. 

&///, X30. 

Stockings, electrical, 320* . 1 

Sublimation, 131. 

Sublimate, corrqfive, 175, 176, 

Agor of lead, 179. 

Sulphur, 152. 154.158. r62. 253. ek&rtfiecl, 319. oxidrf,*5> 

Sulphurets, 153. r62. 166. 238C 

£«», feen after it is fet, aad befpre it rifits, 50* 

Superfaturation, 142. 

Sympathetic inks, 200* 
» ^3f*wr, 77, 78, 

Tethaim J 
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Temperature. Sets Heat* 
Tempering of Steel* 189. 

iTefling, 1 6 J, 164. .gr.g^M 

Thermometer, 73—77- 1*5- its natural «o, J* **MJU 
by ele&ricity, 307. 

Tin, 193— 197 , A*A i93»^ to ^» f 9 6 * 

Titanium, 21 1* 
Topaz, 321. 
Torpedo, 322. 

Torricellian experiment, 3!. 7^» 
, Touch, magnetic, 264. 
Tourmalin, 320. 

7iw& wi;wfr, 56, 57. their caufi?, 6l* 
Tiffo, tletlric, 273. 
Tmgjlen, 206—209. 
Turbith mineral, 1 74. 
Twilight, 50—53. * 



Uranium, 210, an. 
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> Vacuum, luminous, 292. 
. Variation of the compafs, Q.6() — 272* 

Veins, metallic, 1 $S. 

Verdigris, 182. 

Vermilion, 1 73. 

r#Zf, chemical, l?o & feq. 

Vinegar, methods ot making, 257. See /forf, tfrtfww. 

f7/rw/< £/«*, 182. 238, wto, 201. 239. £W«, 234, »38. 

Vitriolated tartaf, 236. 

Volatile bodies, 128. 

Volcanoes, 157. 

^ft«, Mr. 313. 342. 

W . 

Wad, Black, 20$. 

/f*/<r, 231. et paffim. decompofed by gaivaniim, 344. 

Water-fpouts, 64. 323.. 333. 

Welding, 186. 

Whirlwinds, 63, 64. 3*3. . „ . 

j Whifpmnf 
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JVbifpmng gallery, 6y. 

fVhlulead, 179. 

fVill-with-the-wbifp, 333. 

Winds, their caufe, 55. the different winds enumerated, 

and accounted for, 56-^64. 
Wind-gun', 81. 
ffoljramy 206—209. 
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Tellow, patent, 178, 



Zaffire, 200. 

Ziro, natural, of the thermometer, 118. 

Z/flr, 200, 201. 
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